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ABSTRACT 


A pre-impoundment study of Kakisa Lake, N.W.T., and its surround- 
ings was wncoggnclyaa from March 20 to October 14, 1972. 

The lake was found to be shallow [mean depth 3.8 m (12.4 ft)], 
warm [18 - 20°C (64.4 - 68°F) in summer], isothermal, near-eutrophic and 
high in dissolved oxygen (near saturation year-round). Shores were 
generally rocky and unproductive, but the main, silt-bottomed part of the 
lake had moderately high standing crops of the large burrowing mayfly, 
Hexagenta limbata and the large tube-building chironomid Chtronomus sp. 
Aquatic vegetation was found mainly in the shallows of the east and west 

ends of the lake. Invertebrate density and diversity in vegetated areas 
was high. 

The lake contained 13 fish species of which walleye was the major 
commercial species. In addition, pike (Esox luctus), white suckers (Catas- 
tomas commersont) and lake whitefish (Coregonus clupeaformis) were present 
in commercially exploitable ene eres The whitefish, however, were so 
heavily infested with the cysts of the cestode parasite, Triaenophorus 
crassus, as to render them unmarketable. Dwarf lake ciscoes (Coregonus 
artedit) and trout-perch (Percopsts omtscomaycus) were the principal prey 
species for walleye and pike. Standing crop of fish, as measured by 
"standard gang" catches, was high (mean of 87.6 kg for 29 sets). 

A small but highly valued sport fishery, featuring arctic grayling 
hye s arcticus), was found downstream of Lady Evelyn Falls. 

Optimum wildlife habitats were found to the east and west of the 
lake in the vicinity of slow, inflowing rivers. Habitat suitability for 
many important wildlife species deteriorated with distance from the lake 
because of the widespread occurrence of unproductive black spruce muskeg 
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in areas out of the influence of the lake and its associated streams. 

Flooding and raised water table during the growing season should 
kill most existing willow vegetation and should cause significant mortal- 
ity to aspen and white spruce along the lakeshore and riverbanks. Damage 
to tree species would directly reduce food supply and habitat of beavers 
(Castor canadensis), moose (Alces alces), snowshoe hares (Lepus americanus) 
and red squirrels (Tamiascturus hudsonicus) and indirectly reduce food 
supply and habitat of other wildlife species. 

Increased overwinter fluctuations could cause overwinter mortality 
of beavers and muskrats (Ondatra ztbethicus). High early summer levels 
would flood many presently-used waterfowl nesting areas. 

Greater winter drawdown could reduce spawning success of fall- 
spawning fish species in some years, but is unlikely to cause total 
Spawning failures in all years. 

Higher water levels and greater fluctuation could reduce areal 
extent and stem density of rooted aquatics, causing some production and 
habitat losses, particularly for immature and forage fish. Flow-regulation 
could decrease plankton losses from the lake and thus increase plankton 
production, partially offsetting production losses related to reduction 
in rooted aquatics. 

The downstream fishery appears vulnerable to construction damage. 
Recovery, after completion of the project, seems possible if careful flow 
management is practiced. However, reduced plankton losses from the lake 
may reduce long-term productivity downstream of the dam. 

The large area of land utilized by the local people may lessen 
the economic impact of wildlife and fisheries damage. However, local 
people might still suffer considerable loss of enjoyment of their im- 


mediate environment as a result of damage to vegetation and wildlife. 
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INTRODUCTION 


A field study of Kakisa Lake and environs (Fig 1) was undertaken 
from March 20 to October 14, 1972. The purpose of the study was to assess 
the environmental impact of a proposed hydro-electric development at Lady 
Evelyn Falls, some 5 mi (8.1 km) downstream of Kakisa Lake. The area is 
located in the Northwest Territories at approximately latitude 60° longi- 
tude jie some 60 air mi (96.6 km) west of the town of Hay River. 

The project would involve impoundment of Kakisa River from Kakisa 
Lake to Lady Evelyn Falls, regulation of the flow of Kakisa River downstream 
of the Falls and the raising of the average level of Kakisa Lake some 4 to 
6ftCl.22.— 1.33 m) to obtain a dependable laveustorace som erom. 6 to 8) Et 
(1.83 = 2.44 Mm). 

The environmental impact study concentrated on the following matters: 

1) Measurement of basic physical and chemical parameters of the 

lake cosystem 

2) Description of major aquatic and terrestrial plant communities 

3) Variations in diversity and abundance of bottom organisms 

with changes in depth, location and habitat 

4) Diversity and abundance of plankton 

5) Location and timing of fish spawning runs 

6) Feeding habits of major fish species 

7) Use of lake area by waterfowl, furbearers, big game and en- 

dangered species ; 

8) Patterns of land use by human. inhabitants of the area. 

Field work concentrated on Kakisa Lake and its inlet streams, the 
areas where probable impacts were difficult to predict without compre- 
hensive physical, chemical and biological data. Creel census data on the 
downstream environment was obtained from Fisheries Service, Department of 
the Environment. In addition, reconnaissance of Kakisa River was under- 
taken by air and on foot. 

This thesis summarizes the findings of the field study and sub- 
sequent analysis of collected data and material. As such it is intended 


to serve as an environmental impact statement for the project. 
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METHODS AND MATERIALS 


Bottom samples, vertical plankton hauls, dissolved oxygen samples 
and temperature profiles were taken at 30 lake stations and 6 river 
stations (Fig 2). Water chemistry samples were secured at Stations l, 2, 
Seo Lame On 2G), 29 and 30 and an ald sof the antlowingsrivers 
(Appendix 1). 

Most sampling was carried out during four major periods: before 
breakup (Mar 27 - May 7); late spring - early summer (June 11 - June 23); 
mid-summer (July 31 - Aug 11); fall (Sept 24 - Oct 7). 

Bottom samples were obtained with a 6 in. x 6 in. (15.2 cm x 
15.2 cm) Tall Ekman dredge fitted with a screen to prevent escape of 
organisms. The Ekman dredge sample was washed in an Ekman bucket with 
a No. 20 mesh bottom. The residue was preserved in the field in 98% 
ethyl alcohol and the organisms were separated from the remaining debris 
in the lab under a dissecting microscope with maximum magnification of 
30x. Organisms were later identified, counted and weighed with excess 
surface moisture removed,on a Mettler Type H6 analytic balance sensitive 
to 0.0001 g. Molluscs were weighed with shells intact. 

Dipnets were used to collect invertebrates from rocky or weedy 
bottoms where an Ekman dredge was of little use. A strip 5 m (16.4 ft) 
long by 0.45 m (1.5 ft) wide was swept for each dipnet sample. 

Plankton was obtained in vertical hauls from the bottom to the 
surface with a Wisconsin-type plankton net of No. 25 mesh. The Plankton 
was washed from the straining cup with concentrated neutralized formalin. 


Excess formalin was removed in the lab and the sample was washed with 
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distilled water into a 50 ml graduated cylinder. The graduated cylinder 
was filled to the 40 ml level, stoppered and shaken vigorously. A sample 
of 1.45 ml was immediately drawn at the 20 ml level of the graduated 
cylinder with a calibrated pipette and counted on a Wildco plankton count- 
ing wheel. The total plankton sample was dried in an oven at 60°C (140°F) 
and the plankton residue weighed on a Mettler Type Hy analytical balance 
sensitive to 0.0001 g. 

Dissolved oxygen was determined by the azide modification of the 
Winkler method (American Public Health Association, 1971, pp 477-81). 

Water samples were preserved in chloroform (5 ml/1) and analyzed 
in the water laboratory of the Department of Zoology, University of 
Alberta. | 

Soundings were made along a series of transects with a Vexilar 
"Sound Off" Sonar, accurate to approximately 0.2 m. Positions on the 
transects were calculated from elapsed times. 

Vegetation was mapped using aerial photography coupled with 
ground information. 

Gill nets were set as shown in Fig 2, usually in the vicinity 
of sampling stations. All nets used were 20 yd (18.3 m) long and approxi- 
Mately 45 im (177 em) deep. The combination ‘of a 11/2 in (3:6 cm) and 
a 4 in (10.2 cm) gillnet proved the most practical. Other mesh sizes 
Pein Selvom ees L/e2 im (60g em), o) l/2 ine (Ou omcm) on Clery icm) | 
were used early in the study, but were later discontinued. 

The stomach contents of fishes were preserved in 98% ethyl alcohol. 
Food organisms were counted, but were not weighed unless intact. Weights 


of intact small organisms were estimated from volumetric displacement. 
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Age-length-weight characteristics of major fish species were de- 
rived from raw data of a Fisheries Research Board study carried out on 
Kakisa Lake in August, 1968. 

Invertebrate organisms were identified by keys in Pennak (1953) 
and Ward and Whipple (1959). Aquatic plant identifications were made 
using Fasset (1957) and Ward and Whipple (1959). 

All field measurements were taken in metric units. However all 
existing surveys done by others are in English units. In addition, all 
engineering specifications for the project are in English units. It has 
therefore been necessary to retain the use of English units for certain 
data referring to existing surveys and engineering specifications. Topics 
related to elevations, land areas, and engineering specifications are 
generally discussed in terms of the Fnglish system, with metric equiva- 
lents given. However, metric units are used, and English equivalents 


given, in cases involving lake soundings which were taken in metric units. 
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GENERAL DESCRIPTION OF KAKISA ECOSYSTEM 


Topography and Geomorphology 


Land 


Kakisa Lake (Fig 1) lies on a plateau between two escarpments, 
running parallel to the south shore of Great Slave Lake, in a region of 
Paleozoic limestones. The long axis of the lake is oriented in a west 
northwest -— east southeast direction. For convenience the long shores 
of the lake will be referred to as the north and south shores, while 
the shores at the two ends of the lake will be called the eastern and 
western shores. 

The north shore rises moderately to an approximate elevation of 
734 £t (223.7 m) above Mean Sea Level and becomes flat. The south shore 
rises steeply away from the lake towards a high escarpment. 

The east shore rises moderately to an approximate elevation of 
728 ft (221.9 m) and slopes upward gradually thereafter. The western 
shore receives three small streams and is extremely low in relief and 
marshy above elevation 726 ft (221.3 m). Parts of the low-lying land in 
this area consist of floating sedge peat, especially to the south of 
River 2. North of this stream, the terrain is firmer and at a slightly 
higher elevation. 

Patterned ground is clearly visible on aerial photography of the 
study area within a half mile of the western shore and within a mile of 
the eastern shore. This could be an indication of permafrost conditions 


in these areas. 
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Rivers 


One major and six minor streams flow into Kakisa Lake (Fig 1). 
There is only one outflow stream. Salient features of the streams are 
summarized in Table 1. The Kakisa River, flowing from Tathlina Lake and 
draining an extensive watershed, is by far the major inflow into Kakisa 
Lake. The only other stream contributing a substantial inflow is the 
one locally known as Muskeg River, which is some 30 mi (48.3 km) in length. 
The other minor streams have small watersheds, which are unlikely to 
exceed 10 mi2 (25.9 km2). For purposes of this thesis, the minor rivers 
have been given names, as indicated on Fig 1. In addition, the Kakisa 
River upstream of the Lake will henceforth be referred to by the local 
name of Tathlina River to avoid confusion with the Kakisa River downstream 
of the Lake. 

Tathlina River, a very turbid river, runs a precipitous course 
from Tathlina Lake to Kakisa Lake. It has formed a multi-channelled 
delta where it flows into Kakisa Lake. High turbidities found in Kakisa 
Lake seem to be largely caused by resuspension of silt entering the lake 
from Tathlina River. 

All other inlet streams are usually slow-flowing and low in 
suspended silt. However, spring flows in Muskeg River can be considerable. 
A small delta area at the river mouth is evidence of considerable sediment 
transport over time. 

Muskeg River and Little River have sufficient flow to maintain 
clean gravels in the channel. In zones of slower flow, these streams 
have heavy accumulations of silt, plant debris and aquatic vegetation. 

In late summer these streams are overgrown with rooted aquatics, which 


encroach upon the channel. 
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Rivers 1, 2 and 3 are slow-flowing, with soft bottoms of silt 
and plant debris. Growth of rooted aquatics is extremely heavy. 

Campsite Creek possesses well-washed gravels. Summer flow was 
very low in 1972. 

Kakisa River, near the lake, is similar in nature to Muskeg River, 
with clean gravels in the channel and siltier material in the slackwater 
areas. Aquatic vegetation near the lake is extremely dense. Downstream 
ofethe: firsuebendanethe river, the gradient of the river increases, and 
the river becomes fast-flowing with a rock and gravel bottom free of 
rooted aquatics. The depth, width and substrate of Kakisa River are 
similar to those of Tathlina River. However, Kakisa River is less turbid 


than Tathlina River. 


Lake Basin 


The basin morphology of Kakisa Lake is simple (Fig 2). Dominant 
features are moderately-sloping, rocky, littoral zones along the north 
and south shores and gradually-sloping littoral zones along the east and 
west shores. Shallow areas predominate over deeper areas (Table 2). 
Thess — 4m (9.8 °- 13.1 £t) depth zone has by far the largest areal 
extent, comprising 34.1% of the total area of the lake. Average depth 
of the PakeronVAusll 5 Se197 2%yase ays em (1 2935" ft) ° 

The shoreline of the lake is very regular, and the lake is 
oriented in the direction of prevailing winds. These factors, in con- 
junction with the absence of wind protection on three sides, give rise 
to rough wave conditions at most times. 

Because of heavy wave action and possibly because of ice action, 


all shores, except the protected west shore, consist of wave-washed 
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boulders, gravel, or sand down to depths ranging from 1.9 m (6.2 ft) to 
Spo me (i2eG 1c) below thesl9/2 "fall water levels of 725 fre (22070 m) 
above M.S.L. (Fig 2). The only shallow-water area without a hard bottom 
is the shallow bay in the west end of the lake which possesses a bottom 
of organic woody debris. 

In most parts of the lake there is a rather abrupt change to a 
silty bottom. Beyond 4 m (13.1 ft) there is virtually no coarse granular 
material in the sedirents. 

By interpolating from the morphometric data of Table 2 and by 
allowing for the 6 mi2 (15.5 km2) of debris bottom in the west end of the 
lake, the area of the rocky, sandy or gravelly littoral zone can be 
estimated at roughly 15% of the total measured lake area of 128 mi? (332 


ae 


Vegetation 


General 


Fig 2 shows the location of major vegetation communities in the 


y 


Kakisa Lake area and Table 53 lists important species. 


Aquatic Vegetation 


Distribution, abundance and areal extent of rooted aquatic vege- 
tation in both lake and river situations are summarized in Table 4. The 
outer edges of weedbeds were estimated from observations from a boat. 

In the lake proper, aquatic vegetation is largely confined to the 
shallow eastern and western ends of the lake (Fig 2). Heaviest aquatic 
vegetation occurs in the outlet region of the lake. There are sparse 


pockets of aquatic vegetation along the northern shore. The southern 
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shore is almost devoid of rooted aquatics. Aquatic vegetation occurs 
principally between the depths of 1 and 3 m (3.3 and 9.8 ft), with opti- 
mum depth at approximately 2 m (6.6 ft). It is sparse below 3 m (9.8 ft) 
and non-existent below 4 m (13.1 ft). The chief factors limiting rooted 
aquatic vegetation appear to be wave action, rocky substrate and high 
turbidity (which restricts light penetration). 

During the summer of 1972 the species Potamogeton richardsonit 
was the dominant macrophyte in the lake, constituting 90% or more of the 
biomass of rooted aquatics. Potamogeton pectinatus commonly occurred 
interspersed with P. richardsonii and often dominated at the outer fringes 
of weedbeds. On sandy shores exposed to heavy wave action Potanogeton 
gramtneus dominated, but was sparse. 

The minor inflowing rivers (Muskeg R, Little R, Rivers l, 2, 3) 
possess dense and diverse vegetation (Table 3). Dominant species are 

Nuphar vartegatum (water lily), Myrtophylum exalbescens (water mil- 
foil) and Ceratophylum demersum (coontail). The latter two species form 
a virtually continuous cover over the stream beds of Rivers 1, 2, and 3 
by late summer. In Muskeg and Little Rivers, plant cover is not con- 
tinuous, and the gravel bottoms of their channels have a somewhat sparser 


vegetation. 


Emergent Vegetation 


The genera Sctrpus (bulrushes) , Equtsetum (horsetails) and Carex 
(sedges) occupy progressively shallower sites around the lake. 

The only large area of Setrpus occurs along the shore of the 
shallow west end of the lake. The only other occurrences of Scetrpus 


are in very small semi-protected areas along the north shore. 
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Equtsetum is common along the eastern shore from the outlet 
region (Kakisa River) to the Muskeg River. A small amount occurs along 
the lower Muskeg River and larger stands occur along Little River. In 
the west end of the lake, moderately large areas of Hqutsetwm occur in 
the shallower water just inside the belt of Setrpus. Equtsetum is also 
common along the banks of Rivers 1, 2 and 3. 

Carex is common along the shores of Rivers 1, 2 and 3 and in the 
large wet meadows between these rivers. It is rather isolated in occur- 
rence in other areas of the lake, occurring in small clumps in association 
with Setrpus or Equtsetum in slightly protected areas of the north shore, 


and in small bands along the eastern rivers. 


Lakeshore - Terrestrial Vegetation 


There are four major zones of terrestrial vegetation around the 
shores of Kakisa (Fig 2). In the east end of the lake, where topography 
is flat, there is a diverse vegetational community which includes willow 
(Salix spp), alder (Alnus spp), aspen (Populus tremulotdes), black spruce 
(Picea mariana), white spruce (Picea glauca) and jackpine (Pinus bankstana). 
The high diversity of vegetation in this area is likely due to variable 
drainage conditions which give localized advantages to one species over 
another. With increasing distance from lake and streams there is a 
gradual transition to black spruce muskeg, which dominates the larger 
geographical area. 

Along the south shore of the lake, where the land slopes up 
steeply, mostly sparse shrub vegetation grows within the sphere of in- 


fluence of raised water levels. 
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Along the north shore of the lake there is a narrow sitrip’, sony 
one or two trees deep, of mature aspen backed by a Slightly wider strip, 
200 to 500 ft deep, of mature white Spruce. Roots of the first mature 
aspen trees were at an elevation (Table 5) of 729.5 - 730 ft (222.35 - 
222.50 m). White spruce starts at an elevation one or two feet higher 
than does aspen. Behind the veneer of tall aspen and white spruce lay 
miles of rather stunted black spruce muskeg. 

The western shore of the lake is very low in relief, and much of 
the region south of River 2 consists of floating sedge bogs. There is 
a fairly substantial growth of willow over much of the area. In some of 
the drier spots there is good growth of aspen, and on some ridges, even 
white spruce. The sedge-willow area gradually gives way to black spruce 


muskeg toward the west. 


Riparian - Terrestrial Vegetation 


River bank areas enjoy the dual benefits of better drainage during 
the growing season and nutrient deposition during spring floods (in the 
case of reaches possessing flood plains). Thus, even in poorly drained 
regions, river banks are normally more hospitable environments than the 
areas they drain. 

In the Kakisa area, banks of all the minor inlet streams support 
good growths of aspen and willow (Fig 2). The banks of Muskeg River are 
generally too high to support willow, and aspen is the principal river- 
bank community for the first few miles. Willow is found only on the low 
ground on the inside of meanders. About 6 miles (15.5 km) upstream white 
spruce becomes the dominant riverbank species. Little River, with lower 


banks than Muskeg River has a larger component of willow riverbank vegeta- 
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tion. The low banks of River 1 and the lower reaches of River 2 and 3 
are dominated by willow. 

The highly incised banks of Tathlina and Kakisa Rivers support 
good growths of aspen and white spruce. With the exception of the 5 miles 
(12.9 km) between Kakisa Lake and Lady Evelyn Falls, most of this vegeta- 
tion would be unaffected by raised water levels. 

Good stands of aspen and, occasionally, birch occur around river 
mouths and on deltaic islands. Spring floods may be responsible for 
maintaining early successional vegetation in these areas. 

The riverbank vegetation of River 1, the lower reaches of Rivers 
2 and 3 and Little River also appears to have been maintained in early 
successional vegetation by high spring water levels. Soil conditions 
may also have played an important role. The immature aspen vegetation 
of Muskeg River, however, appears to be a seral stage on the way to a 
mixedwood (white spruce and trembling aspen) climax. Bere eiee ear 


rence of charred 12 inch white spruce logs along the banks bear out this 


hypothesis. 
Physical and Chemical 
Climate 


The climate of the general area is characterized by cold, long 
winters, brief, hot summers and rapid periods of transition from winter 
to summer. Average yearly precipitation (30 yr average) is 12.59 in. 
(31,.098cm) Ot which 7.26 in. (18.44) ch) fell as! raineand) 5¢33ein.6(13454 
cm) fell as snow (Canada Dept. of Transport, Meteorological Branch, 


1968 Records for Hay River, N.W.T.). 
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Spring Breakup 


The small inlet streams became ice-free by the second week in 
May, 1972. The influx of water from streams appeared to facilitate break- 
up of the ice sheet on the lake. The ice sheet broke up as follows: 

1) A small channel opened up along the shore between Muskeg 
River and Kakisa River. 

2) As breakup progressed a channel opened up along the eastern 
shore from Tathlina River to Kakisa River. 

3) Ice floes broke off rapidly once a channel was established, 
and breakup of the ice sheet, east of the line between Tathlina River 
and Kakisa River, took place rapidly. Much of this ice flowed down 
Kakisa River. 

4) The remaining ice sheet to the west broke up rapidly and 
much of it melted in situ. 

In the first three Stages of breakup, movement of ice floes down 
the Kakisa River appeared to be instrumental in the acceleration of break- 


up. 


Water Temperatures 


Water temperatures in Kakisa Lake closely approximated average 
air temperatures with very little lace effect (Rip 3). Although breakup 
of the lake did not occur until early June, lake temperatures reached 
summer values [18 - 21°C (64.4 - 70°F) ] within two weeks of breakup. 

The lake was essentially isothermal during the ice-free period (Fig 4). 

Temperatures of the minor inlet streams reached as high as 25°C 
(77°F) during the long summer days. The outlet stream tended to be more 


stable in temperature because of the moderating influence of the lake. 
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Lake temperatures plunged from summer levels to 4°C (39.2°F), 
the temperature of water at maximum density, in the first two weeks of 
September. It is theoretically possible for ice sheets to form after 
the water mass reaches a uniform 4°C, given calm air conditions at 
temperatures below freezing. Actual freezeup occurred October 11. 

Winter water temperature profiles (May 7, 1972) were in the 
form of simple temperature gradients from 0°C (32°F) just under the ice 
to about 4°C at the bottom (Fig 5). There was no evidence of any large 


water masseate4cc. 


Dissolved Oxygen 


Dissolved oxygen levels were near saturation throughout the year, 
including winter (Figs 6 & 7). It appears that wave action and photo- 
synthesis kept oxygen levels high all summer. Winter oxygen demands, in 
the lake proper, were very low. A possible explanation is that high 
summer temperatures and constant agitation of organic sediments during 
the ice-free period promoted rapid decomposition, reducing the winter 
oxygen demand required for bacterial decomposition. 

Oxygen levels in zones of organic accumulation, such as Muskeg 
River, Little River, Rivers 1, 2 and 3 and the bay in the west end of 
the lake, made heavy winter oxygen demands. Conditions in Muskeg River, 
Little River and the west end of the lake were found to be winter 


anaerobic, with high H,S levels (3 - 5 ppm). However, pre-breakup (April 


Z 
20) oxygen concentration in Tathlina River was 8.6 ppm (61% saturation) 

For a more thorough treatment of dissolved oxygen —- temperature 
relationships of Kakisa Lake, the reader is referred to a paper (Fuller 


and Lamoureux, 1972) presented at the Western Canada Lakes Symposium 


(Appendix IT). 
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The pH of the lake water was between 8.6 and 8.8 throughout the 
study. Sensitivity of the Hellige comparator, used to measure pH was 
too low to distinguish minor pH cahnges (less than 0.2). 

The pH values of the inlet rivers were essentially identical to 
those of the lake within the limits of accuracy of the method. Values 
between 8.6 and 8.8 were recorded in all but one instance in early 
September, when a value of &.0 was recorded in River 2. 


The constant pH of the Kakisa system appears to be the result of 


the high total alkalinity of the waters, which keeps them well-buffered. 
The high*®total’ alkalinity, in turnm;-is5 derived from the’ solution of car- 


bonates from limestone formations of the Kakisa watershed. 


Turbidity 


Turbidity levels in Kakisa Lake were moderately high, and became 
higher as the season progressed. This can be seen from the decreasing 
Secchi disk readings (Table 6)- Average readings were 2.3 m (7.5 ft) in 
@anlyeJoness 1s6am-(5.2 ft) sin, early, AugustsqandeO .9km K2e0ntMeinkseptember 
and October. Rawson (1957) noted a similar decrease in Secchi disk read- 
ings in five lakes of the Upper Churchill Drainage, where Secchi disk 
readings declined steadily from.a,June maximum of 2.5 - 3m (8.2.-.9.8 ft). 
He attributed the decrease in transparency to high phytoplankton populations. 

In Kakisa Lake, plankton is probably an important consideration 
in decreasingstransparency., However, it is;felt that .other factors, 


such as increased winds in late summer and early fall, and lower water 
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levels, exposing larger areas of the lake's silt bottom to wave action, 
may also be important factors causing increased turbidity from inorganic 
as well as organic sources. High concentrations of suspended silt were 
visually apparent in August, September and October, and noticably con- 
taminated plankton samples during this period. 

Rawson (1960b) used transparency as a guide to the eutrophic nature 
of a lake. He cited the fact that the five eutrophic upper Churchill 
lakes south of the Precambrian Shield had average Secchi disk readings 
ranging from 1.9 - 3.1 m (6.2 - 10.2 ft), whereas Athabasca and Cree 
Lakes) ompthe: shield had average readings. of 5.6 and «/.8 m (18.4 and 25.6 
ft) respectively. He attributed these differences in transparency to 
differences between the two lake types in SROs Goet of plankton. 

Kakisa Lake, with average summer Secchi disk readings of approxi- 
mately 2.0 m (6.6 ft) would definitely fall into Rawson's eutrophic 
category with respect to transparency. However, the value of using trans- 
parency as an index of productivity in Kakisa Lake is. questionable in 
view of the large contribution of suspended silt to overall turbidity. 

Turbidity in all streams, except Tathlina River was quite low 
(Table 7) as indicated by Secchi disk readings to the bottom in all but 
five of the measurements. Secchi disk measurements taken in deep parts 
of Muskeg and Little Rivers indicated lower average summer turbidity 
than in the lake. Secchi disk readings taken on the Tathlina River in- 
dicated near opacity to light. There was no measurable amelioration of 
this condition as spring stage declined. Somewhat variable turbidities 
in Kakisa River suggest that lake storms largely influenced turbidity 


levels in this outflow stream. 
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The major source of new fine-grained material appears to be 
Tathiina River’ which carries a large silt load into the lake. 

Shorelines are generally eroded down to coarse rubble. Since 
stable vegetation communities are established around the lake, it appears 
unlikely that much new shoreline erosion has been taking place in recent 
times. 

It is felt that a major source of turbidity in the lake is re- 
suspension of fine-grained material deposited in lake shallows. It is 
likely that silt deposited in the mouth of Tathlina River is Spread over 
most of the eastern end of the lake during storms. Settled sediment in 
the east end of the lake may be resuspended countless times and ultimately 
distributed over much of the lake bottom. Much of the suspended material 
may eventually find its way out of the lake system during and after 
storms. It is certain that storms cause considerable resuspension of 
sediments from the shallow lake basin, appreciable quantities of which 


are carried downstream, reducing the rate of sedimentation in the lake. 


Color 


Kakisa Lake and all of the minor inlet streams were moderately 
high in color (Table 8). This was likely the result of coloidally dis- 
solved humate (Oden, 1922) from the surrounding poorly drained areas. 

Some of the lake color may be attributable to iron oxides from surrounding 
rock formations and to bog iron from surrounding poorly drained areas. 
Exposed limestone cliffs on the south shore had a characteristic reddish- 
brown color from oxidation of iron in the rock, indicating measurable 


iron content in the parent geological material of the area. 
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Tathlina River is much lower in color than all other inlet rivers, 
probably because it receives little direct drainage from muskegs and 


marshes. 


Water Chemistry 


The striking similarities between the water chemistry of Kakisa 
Lake and that of Tathlina River (Table 8) suggest that major chemical 
properties such as total alkalinity, Ca hardness, total hardness, conduc-— 
tance and sulphate are largely controlled by edaphic characteristics of 
the watershed. Properties such as concentrations of phosphates, nitrates, 
silicates and iron, on the other hand, are strongly influenced by local 
biological features of the lake and its surroundings. 

The major external source of phosphates for Kakisa Lake is 
Tathlina River which can carry a heavy orthophosphate load (0.75 mg/1 on 
June 14, Table 8). Hynes (1970, p 44) stated that the majority of phos- 
phate carried by rivers is adsorbed to particulate matter. It is there- 
fore likely that Tathlina River carries large quantities of phosphorus 
into Kakisa Lake in its suspended silt and bed load. 

A remarkably large concentration (5.20 mg/1, Appendix I) occurred 
under winter anaerobic conditions in the shallow western bay of the lake. 
Einsele (1936) found the same phenomenon occurring in the hypolimnion of 
eutrophic lakes with alternate periods of circulation and stagnation. 
Under the reducing conditions of stagnation, ferrous iron and phosphate 
occurred together. Under the aerobic and alkaline eOndLtions Of circula— 
tion, phosphate was almost entirely precipitated out as insoluble ferric 


phosphate. Since winter anaerobic conditions in the western bay of 
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Kakisa Lake reproduce the conditions of stagnation in the hypolimnion 
of a eutrophic lake, it is reasonable to expect similar processes. 

Although impressive amounts of phosphate are produced under ice 
cover in the western bay of the lake, rapid re-oxygenation of the water 
likely causes precipitation of much insoluble ferric phosphate prior to 
utilization by plankton or macrophytes. Thus the phosphate contribution 
of the west end of the lake to the total lake system may be somewhat less 
than the high winter phosphate condition might seem to indicate. 

Orthophosphate concentrations at other lake stations sampled 
through the ice ranged from less than 0.05 mg/1 (the limit of detection 
of the analysis technique used) to 0.15 mg/1 (Table 8; Appendix I). 

In summer, most lake stations, including rhoce in the western bay, 
had phosphate concentrations less than 0.05 mg/1. Only Station 18 (0.10 
mg/1 on June 20 and 0.70 mg/1 on Aug 2) had orthophosphate concentrations 
greater than 0.05 (Appendix I). 

The large phosphate input from Tathlina River and the exceptional 
phosphate production in the western bay under anaerobic conditions suggest 
that the sediments are richly supplied with phosphorus. Concentrations 
of orthophosphate exceeding 0.05 mg/1 suggest at least intermittently 
high availability of mineral phosphate during the growing season. 

Analysis of a timed series of water samples, by very sensitive 
techniques of phosphorus detection, could shed more light on the dynamics 
of phosphorus in Kakisa Lake. Simultaneous sediment analysis might also 
prove fruitful. Sampling times should be spaced closely during the ice- 
free period when changes occur most rapidly and somewhat farther apart 


during the iced-over period. 
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Nitrate levels in Kakisa Lake (Table 8) were quite stable in 
winter (avg 0.06 mg/1; range 0.05 - 0.07 mg/1: Table 8) and in summer 
(avg 0.03 mg/1; range 0.02 - 0.06 mg/1). Summer depletion did not occur, 
suggesting that nitrates are not limiting growth of phytoplankton and 
rooted aquatics and that major phytoplankton population fluctuations are 
not Occurring. 

Sulfate levels (summer avg 37 mg/1) were high in Kakisa Lake. 

This ion is of great biological importance in areas of organic accumula- 
tion in the shallows of the lake, where large quantities of lethal 
hydrogen sulfide are produced (3 - 5 ppm). In the western bay of the 

lake, anaerobic processes were so intense that the sulfate concentration 

of the water was reduced 90% from the summer level of approximately 40 mg/1 
to a late spring level of 4 mg/l by anaerobic sulfur bacteria. 

Other significant aspects of water chemistry were high silica 
and iron concentrations. Silica concentration always exceeded the require- 
ments of diatoms, even under bloom conditions. Einsele and Vetter (1938) 
have shown that a silica concentration of 1.8 ppm in Schleinsee was not 
depleted by a diatom bloom of 800,000 Wey dibs Concentrations of iron 
greatly exceeded possible unbound levels and suggest complexing of iron 
with colloidally-dissolved humate as described by Oden (1922). Character- 
istic 1ron color was found in small nodules, of silt, which, ferm in the 
silt-bottomed areas of the lake, suggesting involvement of iron in the 
formation of these silt aggregations. Such concretions were also found 
by Rawson (1957) in Big and Little Peter Pond Lakes in Saskatchewan, 
where iron concentration was considered high at 0.06 ppm. In Kakisa Lake 
the minimum concentration of iron found during the summer was 0.06 mg/1 
and the maximum concentration found was 4.24, about 70 times higher than 


the level considered to be high by Rawson. 
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There are no strong indications that nutrients limit productivity 
in Kakisa Lake, leading one to the tentative conclusion that physical 
factors may have a stronger influence on productivity than do nutrients. 

In general the water chemistry of Kakisa Lake is quite similar 
to that of the eutrophic lakes of the Churchill drainage in the sedimen- 
tary region of Saskatchewan. These lakes, which include Churchill, Big 
and Little Peter Pond, Ile a la Crosse, Waskesiu, Otter, Mountain, 
Nistowiak and Drinking Lakes, were described extensively by Rawson (1957, 
1960a, 1960b). The main differences in chemical properties between the 
preceding series of Saskatchewan lakes and Kakisa Lake would be the 
significantly higher iron and sulphate levels found in Kakisa Lake. 

Color was significantly higher only in localized areas of the lake and 


was not higher for the lake as a whole. 


Bottom Organisms 


General 


For purposes of comparison of bottom Organisms, the lake can be 
divided into three broad zones: 

1) Rocky, gravelly or sandy littoral areas devoid of vegetation 

2) Vegetated littoral areas 


3) Silt-bottomed sublittoral area comprising the entire remain- 
ing part of the lake. 


Since Kakisa Lake is shallow and lacks thermal stratification, site 


has no true profundal zone. 


For purposes of comparison of bottom organisms of the rivers, 


the rivers can be classified as: 
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1) Slow-flowing, with soft bottom and luxuriant growth of 
rooted aquatic plants 


2) Fast-flowing, with rocky or gravelly bottom and few rooted 
aquatics. 


Bottom Organisms of Rocky, Gravelly and Sandy Areas 


We were unable to get quantitative dredge samples from rocky 
gravelly and sandy substrate, but non-quantitative dip netting turned up 
small numbers of leeches (Hirudinea), caddisfly larvae (Trichoptera) and 
small mayfly larvae (Ephemeroptera). It appears that biological produc- 
tivity along these shores was low because of unfavorable substrate con- 
ditions, which limit burrowing activity, and because of wave exposure, 
which limits use of the area to species specifically adapted to heavy 


wave action. 


Bottom Organisms of Vegetated Littoral Areas 


These areas occur mainly in the shallow, gently-sloping east end 
of the lake and in the shallow, protected bay in the west end of the lake. 
In the east end, the ieee Sandy or rocky. Therefore, 1t is im=- 
possible to get quantitative Ekman dredge samples in most locations. In 
the shallow bay in the west end, the bottom consists chiefly of woody 
organic debris. Neither the rocky or woody debris bottoms has a large 
biomass of organisms per unit area. The major biomass of organisms 
appears to be directly associated with the vegetation. 

The importance of aquatic vegetation can be seen in Table 9 which 
lists the weight and numbers of organisms recovered in a single 5 m (16.4 
ft) pass of a dipnet with a hoop width of 0.45 m (1.48 ft) through a 


heavily vegetated area near shore. This method of collection is extremely 
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inefficient and nets only a very small percentage of the organisms present. 
Vets. 21 tik of organisms were captured as compared to an average of 
5 tho tee of organisms taken by Ekman dredge at standard sampling stations 
at the same time of year (Table 11). It is unlikely that dipnetting is 
even 5% efficient in capturing the organisms present, yet weight per unit 
area taken by dipnet is fully 40% of weight per unit area taken by Ekman 
dredge in the silt-bottomed sublittoral. 

Not only is standing crop significantly higher in the vegetated 
littoral, but diversity is also much higher. For example, analysis of 
a single dipnet sample from the vegetated littoral yielded a minimum of 
17 species of mayflies, whereas a wnole season of sampling the sublittoral 
turned up only two species of mayflies, one of Saar limited in 
occurence. 

Table 9 also illustrates that mayflies must play a key role in 
the food chains of the vegetated littoral, since they dominate the fauna 
both numerically and in biomass. The large caddisflies of the vegetated 
littoral, though much less common in occurence than mayflies, also con- 


tribute significantly to the total biomass of organisms. 


Bottom Organisms of Silt-bottomed Sublittoral Areas 


Silt-bottomed sublittoral areas constitute roughly 80% of the 
lake bottom. Table 10 lists the bottom fauna encountered. Numbers of 
organisms in each major group are shown in Table 11, whereas relative 
weight contribution of each of these groups is shown in Table eee 
Generally speaking, Hexagenta mayflies make a large biomass contribution 
relative to their population size. It can also be seen that the combina- 


tion of mayflies and chironomids accounts for 48.64to170.2,.0, the total 
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weight of fauna. Since the weights given for snails and clams are weights 
with shells intact, the proportions of total biomass contributed by may- 
flies and chironomids are therefore considerably higher than even the pre- 
ceding figures indicate. 

The bottom fauna of Kakisa Lake (Table 11) most closely resembles 
that of Otter Lake in Saskatchewan (Rawson 1970a). Rawson noted that 
Hexagenia mayfly larvae were extremely important in the food chains of 
the lakes in the Stanley, Saskatchewan area. He stated that they provide 
a very important part of the food of whitefish, pickerel, pike and perch. 

In the lakes of the Stanley area, average summer numbers of 
Hexagenta ranged from 64 per me in Otter Lake to 34 in Drinking Lake. 
Kakisa Lake, with an early summer population of 78 per a and a mid 
summer population of 142 per me appears to have a significantly higher 
population than the lakes near Stanley. Therefore, Hexagenta should 
play at least as important a role in Kakisa as in the Stanley lakes. 

In the Stanley Lakes, the large chironomid Chrtonomus plumosus 
dominates the chironomid fauna. Although identification cannot be posi- 
tively confirmed, because emerging adults were not collected, it appears 
that this species is also the dominant chironomid of Rakdcasine t97 25) 01 
the basis of the range of this organism in the lakes studied by Rawson. 

The main difference between the fauna of Kakisa and the Stanley 
Lakes is that a high snail population was present in Kakisa, whereas 
snails are absent from the Stanley Lakes fauna. In addition, the abundance 
of amphipods (Hyalella and Pontoporeta) is much greater in the Stanley 
Lakes than in Kakisa. Finally, the population of sphaeriid clams in Kakisa 
was roughly double the population in the Stanley Lakes. Differences in 
faunal proportions between Kakisa Lake and the Stanley Lakes are likely the 


result of the much greater depths found in the Stanley Lakes. 
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The crustacean, Pontoporeia affinis was frequently found in 
Ekman dredge samples from Kakisa. In addition the crustacean, Mysts 
relteta was found in the Kakisa River outflow from the lake by D. Musbach, 
who was studying life cycles of invertebrates in Kakisa River in 1972. 
Confirmation of the presence of the organism in the lake was made by 
the discovery of Mysts remains in the stomachs of several walleye. How- 
ever, the organism was never taken in either Ekman dredge or plankton 
net samples, nor was it commonly found in fish stomachs. This leads one 
to believe that its density was very. Low. 

The presence of these deep, cold water Oligotrophic forms is 
quite unusual, but not entirely without precedent. Rawson (1957) found 
very small numbers of Mysis in dredgings from the on isothermal Church- 
hill Lake in Saskatchewan. However, the writer is unaware of any reports 
of similar findings of Pontoporeia by other workers. 

Since the permanent sampling stations set up in the lake tended 
to favor areas near shore, an effort was made during fall sampling to 
get sufficient samples from deep parts of the lake for comparison with 
samples in shallower parts of the lake. It is apparent from results 
shown in Table 12 that mayflies make up the major portion of biomass in 
Shallow [2.2 - 3.8 m (7.2 - 12.5 ft)] areas, whereas in deeper areas 
[5.1 - 6.0 m (16.7 - 19.7 ft)] chironomids are the major contributors of 
biomass. 

The situation of differences in dominance of organisms with depth 
is further analysed in Table 13. Counts of organisms were normalized 
by the log (x + 1) transformation, as discribed by Elliot (1971, pp 90-92), 
and densities of organisms from the shallow zones [3 = Am (9 .80— 13.1. Ft) | 


were compared with those of organisms from deep zones [5 m (16.4 ft) and 


deeper]. 
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Hexagenta were classified as small and large, since two very dis- 
tinct size ranges were present in fall samples. Small Hexagenta were 
generally between 0.2 and 1.2 cm in length, while large Hexagenta were 
generally 2.0 to 3.0 cm in length. It was inferred that most of the large 
nymphs would emerge the following summer, while small nymphs would require 
at least one additional summer of growth. Variability of size within the 
size groups suggests a mixture of 2 and 3 year cycles for the population. 
Swanson (1967) stated that time to emergence in Hexagenta is temperature- 
dependent, being im yr in the south and 2° yr in the north of the United 
States. It is not unreasonable to suspect that rate of Hexagenia develop- 
ment is retarded by the short ice-free season of Kakisa Lake. 

Chironomids classified as small belonged torat. Tease 4 species, 
which generally did not exceed 0.5 cm, and which contributed an insignifi- 
cant amount of biomass to the total standing crop of bottom organisms. 
Those classified as large Chtronomus (probably Chtronomus plwnosus) were 
from 1.5 cm to 3.0 cm in length. A Chtronomus species of intermediate size 
(0.8 - 1.2 cm) was also present in sporadically high concentrations but the 
distribution of these organisms could not be normalized and they are not 
included in the analysis. It could not be verified, because of lack of 
emerged adults, whether this was a separate species or the early instars 
of the large species. Oliver (1971) stated that most chironomids in sub- 
strates in contact with epilimnetic waters have either 1 or 2 cycles per 
year, depending on environmental conditions. It is therefore quite possible 
that the large chironomids represent a slower-growing segment of the Chtrono- 
mus population which would complete their cycles in a year, while the 
medium-sized chironomids may be the second generation of the faster growing 
portion of the population. Alternative explanations are the possibility of 
two year cycles for Chironomus or the possibility of two morphologically 


similar Chtronomus species. 
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Small Hexagenta nymphs were relatively well-distributed over the 
entire lake bottom, whereas later (large) instars were much more common 
in the shallows than in deeper areas. The situation for large Chtronomus 
was the exact reverse of the situation for large Hexagenta,with the 
greatest density of large Chtronomus being in the deeper water. Densities 
of other genera of chironomids (small chironomids) were greater in the 
shallows than in the deeper areas. Similarly,densities of snails and 
amphipods were greater in the shallows than in the deep parts of the lake. 

It is known that Hexagenta mayfly nymphs are capable of migratory 
movements. Swanson (1967) showed that Hexagenta limbata nymphs migrate 
from their hatching areas near shore to deeper areas in response to over-— 
crowding. He also demonstrated that concentration of nymphs is always 
greater near shore than in areas distant from snore. This differential 
is greatest in the fall after the summer hatch is completed,and it is 
gradually reduced but never eliminated as nymphs migrate into deeper water. 
The differential in density between deep and shallow areas also occurred 
in Kakisa. However, it is notable that the differential is greater for 
the more advanced instars than for early instars. One would tend to infer 
that the opposite might be the case, since one would suspect that advanced 
instars would be in a superior position for survival and that the newly- 
hatched over-crowded instars would disperse. 

Low oxygen concentrations are known to be a major cause of mayfly 
mortality and a limiting factor on depth distribution. Britt (1953) des- 
cribed a massive die-off of the organism in Lake Erie during a temperature 
stratification caused by unusually calm weather. During this period 


oxygen levels dropped to the 0.7 to 1.2 ppm range near the botton, 
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resulting in very heavy Hexagenta mortality. Eriksen (1964) determined 
the absolute minimum oxygen ee tolerated by H. limbata to be 1.2 ppm. 
In view of the well-oxygenated and totally-mixed nature of Kakisa Lake 
mortality caused by dion depletion in deeper areas ae only a remote 
possibility. 

Swanson (1967) stated that the 5 - 7 m zone in Lewis and Clarke 
Reservoir yielded the largest numbers of Hexagenta nymphs and that this 
optimum depth agreed with those found by other workers. 

In view of the foregoing, there does not appear to be an obvious 
environmental reason for the scarcity of large mayflies in deeper parts 
of the lake. Moreover, Hexagenta in all stages of development are found 
in deep parts of the lake, although numbers are cau This would seem 
to indicate that environmental conditions there are not intolerable for 
the species. 

One possible biological explanation for the lower populations of 
Hextgenta in deeper parts of the lake is competition from Chtronomus. 
Both Hexagenta and Chtronomus are burrowing forms utilizing a detritus 
food source. It is possible that fewer Hexagenta survive to late instar 
stages because the faster-growing Chtronomus monopolizes the available 
food supply. 

An alternative biological explanation for lower Hexagenta popula- 
tions in deeper water is selective predation on larger nymphs by fish. 
Thus, large nymphs dispersing into more open habitats in deeper water 
may suffer very heavy predation while dispersing young-of-the-year nymphs 
may suffer much less predation. 

Snails, amphipods and small chironomid species also show greater 


abundance in the shallows than in the deep parts of the lake. Snails 
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generally feed on living algae which cover submerged surfaces (Pennak, 
1953, p 671). Amphipods are omivorous and feed on both dead and living 
plant and animal material of all descriptions (Pennak, 1953, p 436). 
Chironomid larvae are chiefly herbivorous and feed on algae, higher plants 
and organic debris (Pennak, 1953, p 649). The presence of aquatic macro- 
‘phytes and the favorable light conditions for benthic and epiphytic algae 
should favor amphipods and snails. Small chironomids likely have a 

much greater variety of available substrates and food sources in the 
shallows than in the deeper parts of the lake, where environmental con- 
ditions are more uniform and competition with Chtronomus may be intense. 
It is likely that Chtronomus does not thrive in the shallows because of 

a scarcity of suitable burrowing substrate there. 

Dry weight of standing crop of organisms in mid summer was 6.58 
kena (5.05. Iba), using Rawson's factor or 1.20 to convert wet welpnt in 
yee to dry weight in kg/ha (Rawson, 1959). Average fall dry weight of 
organisms for deep and shallow areas (30 samples) is 15.7 kg/ha (14.0 lb/a). 
These figures could be 10 - 20% high as the result of inclusion of 
mollusc shells in wet weight determinations. In comparing with the litera- 
ture of Rawson, who used the average weight of organisms over the period 
from May 25 to Sept 10, it would be reasonable to use an intermediate 
value between the mid-summer values (which are likely near-minimum) and 
the fall values (which are likely near maximum). A rough estimate of 
9 - 10 kg/ha (8.0 - 9.1 1lb/a) is probably fairly close to an average 
value of standing crop for Kakisa. This would place Kakisa in the class 
of La Ronge, Amisk and Ile la Crosse which have standing crops of Ons 


0.1 and 9-0 ke/ha (779, 8.1 and 8.0 1b/a), respectively. Standing crops 
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of Kakisa Lake would be significantly greater than those of the oligo- 
trophic lakes Athabasca, Cree, Wollaston, Reindeer and Frobisher with 
Standing croperom el Oe Gem eee and Oo Key iter ee Oe ree ee 


and 2.0 lb/a), respectively. 


Bottom Organisms na Slow-flowing Rivers 


It. can be seen from the partial species list of slow-flowing 
vegetated streams that this environment produces a higher diversity of 
organisms than the silt-bottomed part of the lake. No detailed quanti- 
tative work on standing crop in vegetated streams has been done but 
visual examination of the organisms from several 5 m dipnet sweeps indi- 


cates standing crops comparable to the vegetated littoral of the lake. 


Bottom Organisms in Fast-flowing Rivers 


Most of the benthic inhabitants of fast-flowing rivers must be 
able to hold position in the current and to utilize detritus and epilithic 
(growing on stones) algal food chains. Fauna of Kakisa River were domi- 
nated by nymphs of may flies (Ephemeroptera), Stoneflies (Plecoptera) and 
caddisflies (Trichoptera). Invertebrate collections made by D. Musbach 
of the University of Alberta indicate moderately high diversity and abun- 
dance (pers. comm.). Results of Musbach's study on species composition 
and life cycles of invertebrates of Kakisa River will be released in a 
master's Hise which should be completed before the end of 1974. 

It is likely that overflow of planktonic organisms from the lake 
notably increases productivity in Kakisa River by supplying a plankton 
source of food and nutrients (Hynes 1970, p 256-59). Tathlina River 
should also enjoy similar benefits from Tathlina Lake, but these benefits 


may be somewhat attenuated by the time flow reaches the vicinity of Kakisa 
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The plankton (Table 15) was dominated by copepods and diatoms. 
Abundance of zooplankters was highest in mid-summer and lowest in fall. 
Density of copepods did not show a major increase from early summer to 
mid-summer. However, the cladocerans, Daphnta galeata mendotae and 
Ditaphanosoma brachyurun, became common in the mid-summer plankton and 
accounted for the mid-summer increase in plankton density. Bosmtna 
longtrostris was always present in the zooplankton at low density. Because 
of its small size relative to the other zooplankters present, it made only 
a small contribution to total biomass of plankton standing crop. Leptodora 
kindtt was observed during cursory preliminary examination of plankton, 
but was not present in subsamples, indicating low density. 

Calanoids were the dominant copepods during early and mid-summer, 
but a large drop in population had occurred by early October. Cylopoids 
maintained steady populations throughout the sampling period and were not 
affected by the fall population drop which drastically reduced all other 
zooplankters. Thus, they dominated the fall plankton. Cyclopoids over- 
winter as active forms, whereas other zooplankters form resistent stages. 

The calanoid copepods were identified as Ltmnocalanus macrurus, 

a glacial relict form generally believed to inhabit only deep, oligotrophic 
lakes. The presence of Limnocalanus is consistent with the glacial relict 
bottom fauna (Mysts reltcta and Pontoporeia afinits) also present in Kakisa 
Lake. Rawson (1960b) reported that Limnocalanus macrurus was present in 
all but 2 of the 12 lakes studied, including 4 lakes that would be classi- 
fied as summer-warm, isothermal and eutrophic. 

The early summer plankton samples contained a very high concentra- 


tion of pennate diatoms. The summer plankton contained large numbers of 
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the colonial blue-green alga, Coelosphaerium which were clearly visible 
on the water surface at light bloom density. Fall samples were dominated 
by diatoms, but density was low. 

There is no correlation between density of zooplankters and dry 
weight of total vertical haul (TVH). In early summer pearicey it appears 
that the large diatom population masks the weight of zooplankters. In 
the turbid fall samples suspended silt appears to heavily bias dried 
weights of samples. 

Using the summer weight of 13.5 mg/TVH and the efficiency factor 
of 35% used by Rawson in Cree Lake (Rawson, 1959), the weight of standing 
crop of plankton would be 34.1 kg/ha (30.0 lb/a) in the deeper parts of the 
lake. The maximum spring figure would give a crop of 102.3 kg/ha (91.0 
1lb/a). Conservatively estimating an average standing crop of 50 kg/ha 
(44.5 lb/a) for the ice-free period would place Kakisa Lake in the same 
general category as Lac la Ronge, Saskatchewan (64.3 kg/ha (57.2 1b/a)) 
and ahead of Athabasca, Cree, Wollaston, Reindeer, Frobisher, Hunter Bay 
amd eAnidtiek (360.54 2560) 14.8, 28.7,.45; S2-and 32. 3)ke/nas(32.59, 22-4, 


Ue 25. oe G0. 28. ande2e. 7 lb/a); respectively): 


Fisheries 


Fish Species 


The lake contained the following fish species: 


Walleye {St¢tzostedion vitreum (Mitchill) ] 
Pike [Esoc luctus (Linnaeus) ] 

Burbot [Lota lota (Linnaeus) ] 

White Sucker [Catostomus commersoni (Lacepede) ] 
Longnose Sucker [Catostomus catostomus (Forster) ] 
Lake Whitefish [Coregonus clupeaformis (Mitchill) ] 


Round Whitefish [Prosoptun cylindraceum (Pallas) ] 
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Cisco [Coregonus artedit (Le Sueur) ] 
Troutperch [Percopsts omtscomaycus (Walbaum) ] 
Spottail Shiner [Notropts hudsonius (Clinton) ] 
Lake Chub [Couestus plumbeus (Linnaeus) ] 
Ninespine Stickleback [Pungttius pungttius (Linnaeus) ] 
Slimy Sculpin [Cottus cognatus (Richardson) ] 


Ciscoes figure very prominently in lake food chains, as they form 
a very large, stunted (max.wt. 75 g) population. 

A creel census by Fisheries Service, Department of the Environ- 
ment, confirms that Kakisa River below Lady Evelyn Falls contains Arctic 
grayling [Thymallus arecticus (Pallas)], walleye, pike, and longnose 
suckers. Slimy sculpins were taken by D. Musbach while collecting in- 
vertebrates. It appears likely that a number of forage species that 
occur in Kakisa Lake would also be present in Kakisa River below the Falls. 
Lake whitefish are known to run into the lower Kakisa River from Beaver 
Lake in the fall. 

Of the species present in the lake, walleye, pike, white suckers 
and whitefish are available in commercial quantities. Whitefish, though 
abundant, are so heavily infested with the tapeworm Trtaenophorus crassus as 
to render them unmarketable (Fisheries Research Board, unpublished data). 
However, they are important to the local economy as dog food. Commercial 
quantities of whitefish are also taken in the Kakisa River near Beaver 
Lake in the fall and are used principally for dog food. Grayling, wall- 
eye, and pike are game fish in the Kakisa River. Longnose suckers are 


exploited to some extent for dog food. 


Spring and Early Summer Spawning in Kakisa Lake 


All species in the lake, with the exception of lake whitefish, 


round whitefish and ciscoes, are spring or early summer spawners. 


mot yora 28 ,enters boot sist nt yltasaimorq visv silt esoxetd 
wsotzefugoq (ge aw xbin) bednuse yagiel ev 

-nozivad sds to iosmixsqs( , soivre? as tnoielt vd evens Is912 A 
9t333%A enisiacs ells nvlevd ybsJd woled. mote saiis% jedi amplinos <dasm 
seongnol bus ,odtq ,sysilsw e{ (asfisT) SNotjony asst Jowngt2) aniiyerg 
=k gnijoeitoo sliiw dosdewM . yd osdst s15w Se em yuile .arsdove 
3éns asiseqe sgsroi to 1sdaun 6 $ui83 YleAtl expsqqe: 31 -esterder19v 
,elist adi woled asvist eetied’ at saseerg od cals bluow ots setled ak q990 
tovesd mort xSvid selAsd yewol edz otek svt 03 nwous ets detistidw edad 
Lis? sft ot sdet 

exsoloue oiidw ,etiq .eyelisw .sdlel sit ai tusestq asinsga oft 10 

dguodt dertoridy agit tinsup Isiorommos of sidéliave 928 delitsiidw bas 
85 BaROTO enchsqawsanin'! mrowegss dt dtiw bedestnat ylivssd o2 ots .iasbauds 
.(e38b bedetidugqay ,brs08 rorssesd eolrsdeit) eldstextramm mois tebast 03” 
isloremmied .boot gob es ymoncos Iso0l on3 03 insivoqmh sis yodt .isvewoHl 
tevecd 1s9f vovid setisx ody ot poaed oais ste deiteitisiw to astitinsyp 


-Lisw ,gctivesD) boot gob rot ero beau sts bos List sad at aap 


916 exsiava seorgdol .sevil BatjsA odd at dali smsg sae satq bas oe 
| .boO} gob 76% Jav2es omoe 03 bai toiqxs 


34 


Spring spawning was studied only on Muskeg River, as ice condi- 
tions prevented us from working elsewhere. The data (Table 16) suggest 
that most pike had spawned by May 22, most walleye had spawned by May 26, 
and that most white suckers had spawned some time between May 30 and 
June 5. The data also suggest that Muskeg River is a major spawning area 
for walleye, an important spawning area for pike and of somewhat less 
importance to white suckers. 

Monitoring of Tathlina River began after the walleye spawning on 
Muskeg River had subsided. Thus, no quantitative data exist to document 
use of Tathlina River by walleye. 

Netting around the mouth of Tathlina River yielded several ripe and 
spent white suckers. The number netted was not adequate to determine the 
degree of spawning use by white suckers. Circumstantial evidence indi- 
cated that Tathlina River was a major white sucker spawning stream, 
since commercial fishermen tended to avoid fishing the Tathlina River 
mouth area too early in the season so that they wouldn't have "to pick 
suckers all day". This would seem to indicate that there is usually a 
heavy run of spawning suckers into the river just after breakup of the 
lake. The commercial fishermen saia that suckers run into the Tathlina 
River before the large spring run of walleye occurs. However, they added 
that the walleye "never have any spawn in them''. Netting around the 
Tathlina River mouth area confirmed that the heavy run of walleye into 
the mouth of Tathlina River was in fact a feeding run and not a spawning 
run. It is of course possible that there was a spawning run earlier in 
the season at about the same time as the run in Muskeg River, and prior 
to the sucker run on Tathlina River. However, it appears unlikely that, 


in view of the commercial fishermen's preference for fishing the Tathlina 
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River mouth area, they would never have come upon a spawning run of 
walleye in that area in approximately 20 years of fishing the river 
mouth. Pike, on the other hand, Spawn around the mouth of Tathlina River 
in the two small weedy streams that enter there, as evidenced by the 
occurrence of young-of-the-year fry. Prey species of walleye and pike 
also spawn in the Tathlina River mouth area. Ripe trout-perch were vir- 
tually the exclusive diet of the large spring run of feeding walleye and 
pike in the Tathlina River area, indicating that the spawning run of 
trout-perch must be very large. Further evidence of heavy use of the 
area by spawning forage fish was our observation, on June 24, cf an 
extremely large number of newly-hatched larval fish, which were field- 
identified as spottail shiners. In general, 1 can be said that the 
environs of the Tathlina River mouth present spawning opportunities for 
white suckers, pike and probably most species of forage fish. 

Little River was not netted during the spring spawning season. 
However, seining later produced newly-hatched pike fry and 1-year-old 
spottail shiners. Commercial fishermen indicated that fishing this river 
during spring spawning runs yields large numbers of white suckers and 
pike, but few walleye. 

The outlet area of Kakisa River had a very large population of 
young-of-the-year white suckers and a somewhat smaller population of 
young-of—the-year spottail shiners. The very small size of the white 
suckers suggested that they hatched in the area and did not actively 
swim there from another part of the lake. Heavy vegetation, especially 
along the shoreline, appeared to play an important role in preventing 
the weak-swimming newly-hatched fry from being carried downstream by the 
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Seining in the three streams in the west end of the lake yielded 
newly-hatched pike fry, thus proving that those streams are used by pike 
for spawning. Also, it is probable that walleye use the gravel stream 
beds of Campsite Creek and of the upper reaches of River 2 for spawning. 
Because of the distance involved, local fishermen seldom fish the area 
in the spring. However, they have attempted it occasionally in the past 
and caught larger than usual walleye in the Campsite Creek area. This 
may indicate that there is a separate spawning population of walleye in 
the west end of the lake. 

It also appears quite probable that spring and summer spawning 
fish utilize certain beach areas for spawning since a wide variety of 
clean substrates exist down to depths ranging roughly from 2 to 4 m (6.6 
- 13.1 ft) around the perimeter of the lake. However, wave action may 
have a large effect on dictating which areas can actually be used by 


beach spawners 


Spring Spawning Below Lady Evelyn Falls 


A creel census was taken by Fisheries Service, Department of the 
Environment, at the campground below Lady Evelyn Falls, the results of 
which are summarized in Table 17. Because of the small sample size, 
only tentative conclusions can be drawn. Indications are that spawning 
of grayling was over by June 3 and possibly earlier. There appears to 
be active spawning of walleye at least as late as June 9. The pike data 
are somewhat inconclusive, indicating occurrence of spawning as late as 
June 4, but with no data during the period from June 5 to June 15. A 


large spawning run of longnose suckers was observed by the writer on 


June 3 and on June 5 at the old river ford upstream of the highway bridge. 
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In general, it can be said that spawning activity of walleye, 
pike and longnose suckers occurred from one to two weeks later than in 
the Muskeg River, because of the lag in termperature rise associated with 
the lake source of the Kakisa River. 

To all appearances, the Kakisa River yields a number of favorable 
Spawning areas for gravel spawners along its entire course. It is un- 


likely that only one spawning areas is used. 


Fall Spawning in Kakisa Lake 


Heavy catches of whitefish and ciscoes were taken from September 
17 to September 20 at four locations (Table 18). Spawning of whitefish 
commenced on September 19 and was widespread by the following day. Spawn- 
ing of ciscoes throughout the period was minor. Ciscoes taken just prior 
to and during the whitefish spawning run were generally not ripe, indicat- 
ing that the main thrust of the cisco run was probably slightly later 
than that of wht Perlan" Spawning runs of whitefish and ciscoes likely 
continued for many days after sampling stopped. 

Although it was not possible to carry out an extensive sampling 
program, indications are that many miles of shoreline suitable for white- 
fish spawning occur along the north, east and south shores of the lake. 

As suspected, the Muskeg River was not used by spawning whitefish, where- 
as the Tathlina River was. It is concluded that the Tathlina River is 
the only inlet stream in the system with adequate oxygen to ensure sur- 
vival of overwintering whitefish and cisco eggs. Its early spring (April 
20) oxygen concentration of 8.6 ppm (61% saturation) appears more than 


adequate for overwinter survival of eggs. 
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Fall Spawning Below Lady Evelyn Falls 


A major whitefish spawning area occurs in the mouth of Kakisa 
River at Beaver Lake. Indians from Kakisa village make an annual trip 
to that area and remove approximately 20,000 1b of whitefish, principally 


for a winter supply of dog food. 


Summary of Spawning Use 


On the basis of data and indirect evidence presented in previous 
sections and on the basis of subjective evaluation of substrate suitabil- 
ity during field work, a chart (Table 19), showing estimated degree of 


spawning use, has been constructed. 


Feeding Habats of Fish 


i) General. Stomach contents of walleye, pike, ciscoes, white 
suckers and whitefish were examined in detail. In addition, the stomach 
contents of a limited number of forage fish and pike fry were examined. 
Counts were made of each type of organism present in stomachs. Identifi- 
cations were made to genus when possible. Total weights and volumes of 
each stomach were taken when possible. 

To arrive at an estimate of the original weight of identifiable 
organisms consumed, average weights of several key organisms were esti- 
mated from stomach content weights of intact specimens. Average weight (mg) 


of key organisms was as follows: 


Ciscoes - 19,000 
Troutperch - 3,800 
Nine-spine Stickleback - 600 
Mayfly nymphs (lake species) - 100 
Snails - 10 
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Weights of other organisms were estimated by their size relative 
to key organisms. The final scheme of estimated average weights (mg) per 


organism are as follows: 


Cisco - 19,000 
Troutperch - 3,800 
Nine-spine stickleback _ 600 
Walleye, “sucker or burbot fry — 95.000 
Unidentified fish - 5,000 
Mayfly nymphs (in lake) ~ 100 
Dragonfly or damselfly larvae - 100 
Beetle larvae - 100 
Mayfly nymphs (in river) - 20 
Large amphipods (in rivers) - 20 
Caddisfly larvae - 10 
Aquatic hemiptera | - 10 
Snails and clams - 10 
Fish eggs (of large fish) - 10 
Small amphipods (in lakes) - 5 
Chironomids¥ biting midges - 1 
Cladocerans - Oo3 
Copepods _ Cm 


Although the above scheme has obvious imperfections, it is prob- 
ably adequate to differentiate important organisms from unimportant ones. 
When a number of organisms are very nearly equal in importance, the 
scheme is not sufficiently accurate to rank them in the proper sequence 
of importance. 

Feeding data have been presented in two ways to give a balanced 
picture of importance of food organisms. The first method ranks organisms 
in the order of the percentage of stomachs in which the organism occurs. 
This method overemphasizes the importance of small organisms taken fre- 
quently in small amounts. The second method pools the stomach contents 
of all fish specimens together and estimates the percentage of the total 
weight that each type of organism contributes. This method probabiy 


gives a more accurate picture of the most important food species, but 


*small littoral and river varieties dominated feeding. 
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may give large organisms taken infrequently or small organisms taken in- 
frequently, but in large numbers, an exaggerated importance, when sample 
sizes are small. Because of the biases in both methods of data presenta- 
tion, the data are presented both ways to convey the information more 


accurately. 


ii) Walleye. It can be seen that spring feeding inthe Tathlina 
River mouth was almost exclusively on troutperch (Fig 8; Appendix III). 
This heavy feeding appears to coincide with a spawning run of large numbers 
of troutperch into the Tathlina River mouth. Troutpverch found in 
walleye stomachs were found to be in ripe condition. The feeding on 
troutperch lasted for the entire period (June 4 - 11) the river mouth 
was fished. 

Walleye taken in the open lake in July, August and September 
showed a marked change to a diet of ciscoes and sticklebacks. No recog- 
nizable troutperch remains were found in these stomachs. Although wall- 
eye took larger numbers of sticklebacks than ciscoes, the average cisco 
was more than 30 times heavier than the average stickleback. Therefore, 
one would conclude that ciscoes were by far the most important forage 
species for walleye in the open lake during the summer months. Ciscoes 
would also likely be the most important forage fish on a year round basis 
for the walleye population as a whole. 

Table 20 indicates that smaller fish fed more frequently on in- 
vertebrates than did larger fish. Moreover, for small walleye, in- 
vertebrate intake contributed a substantial percentage of the total intake 
of food. The larger fish took only limited quantities of invertebrates, 
but greatly expanded their intake of fish, with the result that the in- 


vertebrate portion of the diet shrank to insignificance. 
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Of the invertebrates consumed, Hexagenta was by far the most 
common. In view of its large size, this organism likely plays an impor- 
tant role during the first three years of walleye growth. 

Attempts to obtain young-of-the-year and one-year-old walleye by 
seining near shore or by using gillnets were unsuccessful. Those walleye 
seemed to be widely dispersed and were not easily caught near shore. The 
situation is probably similar to that in Lake Winnebago described by 
Priegel (1970). He found that walleye were totally pelagic during their 
first year of existence. He listed a variety of food items, including 
copepods, cladocerans, chironomids and fry fish, which were used by 
walleye less than 175 mm long and showed a progression to larger food 
items with increasing size. The diet consisted mainly of copepods and 
cladocerans in the 10 - 50 mm size class and leaned more towards fish 
in the 101 - 175 mm class. Fry larger than 35 mm were capable of con- 
suming both chironomids and fish fry. If walleye in Kakisa Lake have 
Similar feeding habits, it would appear likely that one and two year 
old fish, which are generally less than 175 mm, may consume even greater 
quantities of Hexagenta than the three and four year old walleye examined, 
which ranged in length from 163 to 213 mn. 

Examination of the breakdown of fish utilized by walleye for 
food revealed a sharp increase in feeding on ciscoes as the walleye 


increased in size. There is no clear trend for other prey species utilized. 


iii) Pike. The feeding data on pike (Fig; Appendix IV) show that 
pike had feeding habits very similar to walleye. Troutperch was the 
dominant food organism in the spring feeding run at Tathlina River and 


cisco was the important species in the open lake during summer. Feeding 


| ‘re 
ai a - revai ow 
i na ae vost! iad ebit ates agiel @ att : 30 waiv sl of pe 09 


Ses“ gs sian ae ch — hens ev y 


ie te aa 
dala a 


ei syetiaw bio-ragy-suo bas aes 
A 


exysiiaw saodT -ivtegsosuans ace aniau vd ro sfode 19h B 


sit .stodea as9n 3igus> yliese dou sisw Boe biviicuais yisbiw od 0% veases 


‘9 
gd bedisoseb ogedsantW salad’ ok 3604 03 telinte yidsdomq at cosseusae 
i 


Sisdd gntivh ctgalag yilesot oxaw sysllew Jsds bayox eH . (0veL) IegetsT 
? 


gatbulonl ~enssk boot Io sack 8 dbedetl of .ponsteains lo 189% sat = 

vd bseu stew ioliw ide vii base abimonot ido , augispobsLo acitiaiadidll 
boot xeyasf of noteastgotg & bawode bans gaol mn e\l asda eel. oyalisw i 
bis shogsdoo Yo yieinm boteFanod dstb ofl .as te githensiomt siztw map, ° fa 


deit ebaswod sxom boussl bas, sebio ste. um Uc - Of ade at anatsoobala — im 


-nov to sidsqes si9w mm cl neh zagisl v1 .2asho ue e3L -, 20S oll, OF { 
i 
avert sted settsd oi syslinw 72 «upd dett bas aliimonotino Asad go ima ‘ai 


tasy owls bos Sno geij yleail assqqs biveaa 37 earl guihes? a an 
wsaesig ceys suvenco vem .um Cll asad. egal, vlistensg sits dotdv inks bie i 


f >» 


,beoimexs sysiiaw blo tesy 1W0t, bas gerd oid nada ginegoas' ie pron Bu fp 
~— » 
ccm ELS ot £dL most dagnol nal bogews ApJ oh 


701 aysiiow yd bssidizu pant te. esklbdd iain) to ootjsnkossd 
a 


ayelitw edt 2b es0peto fo cng nt arene qrade e botaar 
io 


sbosthtan -paiosge pets caneiry 0% Seuss = on et sagt este = 


Psd actin (ut. ene ait) af sma athe? oan eat 1 on” 
ns saat | 2 a Pm 


7 


_s, 
= t 


42 


was also analysed in terms of size of the feeding pike (Table 20). 
Results were simi ar to those for walleye. Frequency of occurrence of 
invertebrate organisms decreased with increasing size of pike while 
frequency of feeding on cisco increased with increasing size. Feeding 
on troutperch appears to decline with increasing size. Feeding on in- 
vertebrates was more diverse in pike than in walleye. Amphipods were 
taken more frequently by pike than by walleye and frequency of Hexagenta 
was lower. This is probably an indication that small pike congregate in 
vegetated shallows and slow-flowing streams, where the large amphipod 


Gammarus lacustris occurs in large numbers and where Hexagenita is rare. 


iv) Ciscoes. Cladocera and copepoda made up’ approximately 99% of 
the total intake of ciscoes (Fig 9; Appendix V). Both of these organisms 
belong to the zooplankton. The cisco was the only fish species in the 
lake deriving its principal nutrition directly from zooplankton. By 
that token, it should be the fish most efficient in utilizing the energy 
available in the lake ecosystem. Since it appears to be the principal 
forage species for walleye and pike, it may be instrumental in the main- 
tenance of adequate growth rates for those species. 

The cisco's minor use of food species that are not planktonic 
Suggest that it is capable of using those food sources if the need arises. 
This flexibility may be important in times of seasonal lows of zooplankton. 

At this time, the role of the cisco in perpetuating the tapeworm 
Trtaenophorus crassus should be mentioned. The cycle is described in 
McPhail and Lindsey (1970, p 84-85). The adult tapeworm lives in the 
intestine of northern pike. In the spring, eggs of the tapeworm are 


broadcast into the aquatic environment, where they are ingested by 


“At ao gatbast aan cael Hee etc ersogge doveqiund 90 
iesateencaaeleas evoLiow ot abit oiiq nt oexevib fon eav sexerdeatay 
olwegnns te qomevpost bos axetlew yd ng. atkyg ud elsiteu pas? oem oe 
Al sieqoignoo ediq iiame 2593 nets sgnine DB vidisdeq el einT io ae 
hboghdems saxsi aft siaw .ambetde griwoli-vol’ baswawolleda beasjegey 
rsd at ninsgensi stew bas etsdaun cia ab ato eittanonl os 


to S¢@ qlessmtxosqgs qu sbam shogsqoo 516 e1so0bs 1D .ag09a i) roo” 
esivbdngrO ceeds Yo tod .{V xibnsgah ; 2 git) asovels io siaiak Tete? sat 
eis nk eskeeqe 1239 yloo aid cow costs sat .aosdtasiqoos add oF gnolisd 
ve .adssin&iqeos mori yitosrib ooitiziun isqtoning 21f goivizsbh sael ' 
yatess si2 goistlise ni tnets its toon dart sit sd’ biuolle 4¥ _aesi03 tadt 
Ingiaging odd odo3 exsoqgs Jt sale .msteyanss sas oid nt oldelieve 
view S#4 tt Ee2memxseat od yoo Ji ,odtq Bos sysifew tot esinage aged? aan 
.esiosqe seeds rot cones —— sisupabs Qo somsnea 
oinoxdealy Jon s1s Jsf2 avtosqe boo? 2 sey rorbe e! opwto’ sat ity. i 
-esaite best er. $1 eos1vee ee aidsqso ee ee 
704 Insigoos. to ewol Lemons oa a ssoge od ein ER 
/ maoueqns edt gabteurogieg oi jp ihe ana Fabee Ne 


| rT 


43 


copepods of the genus Cyclops. When infected Cyclops are eaten by white- 
fish or ciscoes, the parasites encyst in the flesh of those fish. The 
cycle is completed when a whitefish or cisco is eaten by a pike. White- 
fish infestations are normally higher in lakes containing ciscoes. Since 
ciscoes ingest very large numbers of cyclopoid copepods, their chances 

of becoming infected are very high. Also, since ciscoes are a preferred 
food of norther pike, they are instrumental in maintaining infection 
levels of northern pike at very hish levels. hus, the presence of 
ciscoes in a lake greatly increases the chances of infections in whitefish 


by keeping infections in the final host, the northern pike, at high levels. 


Nol wOkelavaue forape Species and Fry Pike. Small collections of trout- 


perch, spottail shiners, lake chub, sticklebacks and pike fry were examined 
for feeding (Table 21). Although sample sizes were small, a few 
conclusions can be made. There is evidence of a progression from copepods 
to cladocerans to small insect larvae and adults with increase in size 

of fry. It also appears that larval stages of a wide variety of small 
insects were the preferred food for adult forage fish. It is interesting 
to note that piscivorous habits were established very early in the life 

of a pike. Fig 26 lists a burbot in the stomach of one of the pike fry. 
The pike fry in question measured only 3.9 cm while its prey measured 


125 ems 


vi) Whitefish. Examination of the feeding data for whitefish caught 
in’or near rivers (Fig 11; Appendix VI) indicates a major preference for 
mayflies (Ephemeroptera) and a secondary preference for cladocerans, 


amphipods, water bugs (aquatic Hemiptera), and aquatic beetle larvae 
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(Coleoptera). In the open lake, major feeding effort was concentrated 
on fewer organisms, with snails (Gas tropoda) the most important items and 
mayflies and clams (Pelecypoda) the major secondary items. The large 
component of fish eggs in the diet was probably an artifact of the data, 
resulting from the fact that a large proportion of the whitefish were 
taken during their spawning season, when whitefish commonly ingest their 
own eggs. 

It should be noted that feeding was balanced more evenly over 
a wider variety of organisms in rivers than in the lake, due to avail- 


ability of a wider variety of organisms. 


vii) White Suckers. Of a total sample of 50 white suckers examined, 
all but one were taken in or near river mouths. During the field season 
only a few specimens were taken in the open lake, indicating that white 
suckers exhibit a definite preference for river and river mouth habitats 
in Kakisa Lake. 

The range of invertebrate organisms consumed by white suckers was 
very similar to that consumed by whitefish (Fig 12; Appendix VII). In 
comparing the fish of each species caught in or near Streams, it can be 
seen that mayflies appear to have been the most important food organism 
for both species, with very similar levels of consumption. However, 
chironomids also appear to have been a very significant food item for 
white suckers, whereas they were a rather insignificant portion of the 
whitefish diet. Conversely, intake of cladocera appears to have been 
much less in white suckers than in whitefish. Feeding on snails, clams 
and caddisflies appears somewhat higher in white suckers than in whitefish 
in rivers. In general, white suckers tended to have a stronger secondary 


preference for sedentary organisms than did the whitefish. 
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Growth Rates 


Data supplied by Fisheries Research Board, Department of the 
Environment (Fig 13; Appendices VIII - XI) show that pike from Kakisa Lake 
reached spawning size (about 600 g) after 3 or 4 summers of growth. Wall- 
eye on the other hand, did not normally reach spawning size (about 500 g) 
until they had completed 8 or 9 summers of growth. The growth rate of 
whitefish, like that of walleye, was fairly slow when compared to pike. 
Whitefish usually reached spawning size (700 - 800 g) in 8 or 9 summers. 
Growth rates of white suckers were comparable to those of pike for the 
first seven summers of growth. White suckers usually reached spawning 
size (700 - 800 g) in 5 or 6 summers. Minimum spawning sizes for the 
various fish species were deduced from weight and sexual maturity data 


from the present study. 


Comparisons with Growth Rates in Other Lakes 


Table 22 gives growth data of walleye, pike and whitefish of 
other western and northwestern lakes from studies by Rawson (1951, 1953, 
1957, 1959) and Kennedy (1953). It can be seen that walleye grew appre- 
ciably faster in the oligotrophic Wollaston Lake and in the mesotrophic 
Lac La Ronge than they did in Kakisa. In the oligotrophic Great Slave 
Lake growth rates of walleye were much slower than in Kakisa in the 1 - 5 
year class and somewhat faster than in Kakisa in the 5 - 10 year class. 
By the eleventh summer walleye were about the same size in both lakes. 
The highly eutrophic Big Peter Pond Lake, like Kakisa, had growth rates 
significantly lower than those of la Ronge and Wollaston. 


Maximum sizes of fish taken in the present study were 1600 g for 


walleye, 6700 g for pike, 2250 g for whitefish and 1700 g for white 
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suckers. Maximum weight of walleye netted compares closely with the 
heaviest walleye (1771 g) taken during the 1958 FRB study (Appendix VIII). 
Maximum weights of pike, whitefish and white suckers in the present study 
were significantly greater than the FRB maximum weights of 1839, 1074 and 
1180 g for the three species (Appendices IX - XI). 

Pike in their first two years of growth in Kakisa Lake had 
slightly higher growth rates than in Lac la Ronge and much higher growth 
rates than in Wollaston, Great Slave and Otter Lakes. Growth of pike in 
Lac la Ronge was much higher after the second summer than in Kakisa, so 
that by the eighth summer Lac la Ronge pike were double the weight of 
Kakisa pike. However, growth rates of Kakisa Lake pike greatly exceeded 
those of pike in Great Slave Lake (oligotrophic) , Wollaston Lake (oligo- 
trophic) and Otter Lake (eutrophic). 

Whitefish in Kakisa Lake had better growth rates than in Lac la 
Ronge and Great Slave Lake, slightly poorer growth rates than in Big 
Peter Pond Lake and much poorer rates than in Wollaston Lake. 

In general findings of the present study support the contention 
of Rawson (1960b) that growth rates of fish are not useful indicators of 
productivity in lakes. The most productive lake Rawson studied was Big 
Peter Pond Lake (Rawson 1957, 1960). Growth rates in that lake were 
among the lowest of the lakes he investigated and comparable to those 
found in Kakisa. Yet, the plankton, bottom organisms and fish standing 
crops which Rawson used as indicators of productivity were much higher 
in that lake than in any of the other lakes studied. One might conclude 
from this that large populations of fish in productive lakes may have 


lower growth rates than low populations in unproductive lakes. 
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There appears to be a notable lack of large old fish in Kakisa 
Lake when it is compared to the other lakes previously mentioned. The 
most likely reason for this phenomenon may be the commercial fishing 
regulations that were in force until 1965. Those regulations permitted 
250,000 1b of walleye to be caught every five years. There was no stipu- 
lation as to how quickly that amount of walleye could be taken from the 
lake. Consequently, large commercial operators would move in and remove 
the entire 5 year quota within a period of a few weeks. The Gal) 2eatneh 
mesh nets used were probably very efficient in depleting a large propor- 
tion of the population of walleye larger than 500 g. Since the walleye 
fishing effort tends to be non-selective as to species fipieedikely that 
considerable numbers of large pike, whitefish and white suckers were also 
removed. This heavy selection against large fish probably created an 
unbalanced population structure in which greater than normal numbers of 
small and intermediate sized fish were able to survive to maturity, re- 


sulting in a population of stunted individuals. 


Variation of Fish Size with Location 


Table 23 shows the breakdown in body weights of the major large 
species for various regions of the lake. 

It can be seen that no pike less than 100 g were taken outside of 
the vegetated areas of the lake. Pike larger than eL000 2, ot cite other, 
hand, ranged freely through every region of the lake. 

Walleye less than 100 g were found almost exclusively in the 
eastern half of the lake, in or near aquatic vegetation, in the shallow 


open water area, and close to the north shore. Thus their distribution 
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corresponded with the vegetated littoral area together with the parts 

of the shallow open-water area that were optimum habitats for Hexagenta. 
Larger walleye (100 - 999 g) had a more general distribution although 
heaviest concentration still occurred in the east end and along the north 
shore. Walleye over 1000 g tended to be quite evenly distributed through- 
out all lake regions, although none were netted in the weeds in the west 
end. 

The greatest number of whitefish under 100 g were taken in the 
weedy shallows of the east and west ends. There was also slight evidence 
of congregation of young fish near the north and south shores. 

White suckers less than 100 g were found mainly in the east end and 
along the north shore. Adults were also strongly confined to the eastern 
and northern shores. Oniy individuals larger than 1000 g were found out- 
side those areas. 

There is a consistent trend to close association of juveniles 
of all species with the heavily vegetated eastern and western shores. 
There a also a trend of association with the more lightly vegetated 
north shores and with the eastern shallows. All the previously-mentioned 
areas are the more productive areas of the lake for bottom organisms. 

In addition, they are adjacent to spawning streams as well as to probable 
shore spawning areas. For these reasons, those areas are likely the 
optimum rearing habitats for both invertebrate-feeding and piscivorous 
fish. The high invertebrate densities in those areas likely favor wall- 
eye and pike by both attracting prey species and by directly providing 

an important part of their diets during early development. In addition, 
vegetation cover may also be important to protect juvenile fish of all 


species from attack by very large adult predators. 
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Productivity of Kakisa Lake 


Rawson (1960b, 1961) summarized his studies of Saskatchewan lakes 
by analysing the physical and chemical variables indicative of high pro- 
ductivity. He found that productivity increased with decreasing mean 
depth, with increasing mean temperature in the first 10 m of water, with 
decreasing transparency, with decreasing bottom oxygen (July - August) 
and with increasing total dissolved solids. He devised a scoring system 
in which the ranks that the lake held in each one of these categories 
were added together to form a "physical score". The scheme of Rawson 
has been adapted in Table 24 to include Kakisa Lake. The inclusion of 
Kakisa increases the possible score in each category from 13 to 14 and 
thus slightly changes the original scores calculated by Rawson. 

On the basis of "physical score'' Kakisa would be more productive 
than any of the Saskatchewan lakes studied by Rawson. An effort was made 
to determine whether this high ‘physical score" actually indicates high 
biological productivity. In his comparative study, Rawson used weight 
of net plankton per unit surface area, weight of bottom organisms per 
unit surface area and weight of fish per "standard gang" (50 yds each of 
Igl/ 2-32.93, 4,9 anc > 1/2 in. mesh gilinmecy ae biclepreaY tndLeators 
of productivity. Summing the ranks of the lakes in each category gives 
a "biological score’. 

The average standing crop of bottom organisms in Kakisa Lake has 
been estimated at 9 - 10 kg/ha in a previous section, in the general range 
of Lakes La Ronge, Amisk and Ile la Crosse. The conservative assumption 
that the average standing crop is just slightly lower than any of the 


above mentioned lakes would give Kakisa a score of 7 in Table 24. 
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Average “standard gang" catch for Kakisa had to be estimated 
indirectly because it was impractical to set full standard gangs during 
the study, due to manpower considerations. However, records of the FRB 
1968 (Table 25) study made it possible to calculate that the standard gang 
catch averaged 2.87 times the catch Prom, 20 Vdeuot Ili) in -eand 50 yds 
of "48in?*mésh net.°'Since 20 vas 7Or da 1/2 in. ande20nvds of°4) int mech were 
used, equivalent "standard gane" catch should be roughly equal to 2.87 x 
bO/20:*x4actial Seatch “or °7 175 “x actual catch. Actual catch and equivalent 

“standard gang" catches are shown in Table 26. The average equivalent 
“standard gang" catch weight for 29 net sets is 87.6 kg. This would give 
Kakisa Lake a 13 score in this category, with only Big Peter Pond Lake 
having a higher catch at 127 kg. | 

Average standing crop of plankton has been estimated to be in the 
range of Lac la Ronge in a previous section. Conservatively estimating 
that the average standing crop in Kakisa is slightly less than in La 
Ronge gives Kakisa a score of 8 in Table 24. 

The overall "biological score" of 28 places Kakisa in a category 
somewhere between that of the eutrophic glacial drift lakes of central 
Saskatchewan and the mesotrophic lakes along the margin of the shield. 

On the basis of its physical and chemical properties, it) might 
be expected that Kakisa would have a higher biological score than Big 
Peter Pond which Rawson (1960b, 1961) considered the most productive of 
the lakes studied. However, there are at least two reasons why annual 
production may be lower. Big Peter Pond lies approximately at latitude 
56°, roughly 5° further south than Kakisa. Consequently, the ice-free 
period is about 6 weeks longer. In addition, the flushing time of 


Kakisa is only about 1.1 years as compared to 12.5 years in Big Peter Pond. 
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Rawson (1960b) discussed the effect of flushing time on the 
lakes of Saskatchewan. He postulated that the 9 month flushing time of 
Ile la Crosse Lake is responsible for the loss of newly-formed plankton 
before it can be fully utilized, resulting in greatly lowered productivity. 
He notes that, although Ile la Crosse had the highest "physical score" of 
allsthetlakesssouth cf the Snield, it had the lowest biological score’. 

In summary, 1t ¢an be Said that Kakisa Lake is an isothermal, 
non-stratified, near-eutropnic lake, which is productive for its latitude. 
It is also subjected to rapid flushing which may reduce productivity to 


a level below its edaphic and morphological potential. 


Waterfowl and Shorebirds 


Spring 
In the spring, the principal waterfowl area is in the region of 
the outlet (Kakisa River). This area remains open all year round and is 


the only area available to waterfowl in the month of May. Because of 
the luxuriant growth of vegetation in the summer, there is still abundant 
spring feed in the form of winter buds, roots, seeds, and invertebrate 
organisms. Moreover, the river at this time is shallow and utilizable 
by both dabbling and diving ducks. 

The entire stretch of open water from Lady Evelyn Falls to the 
lake proper is used by waterfowl in the spring. 

It was difficult to get an exact count of waterfowl in the outlet 
region because birds were constantly disturbed by human activity. Maxi- 
mum numbers of ducks observed at one time was 250. Assuming a 50% 


efficiency in sighting, this would place the number of ducks at approxi- 
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mately 500. It is very difficult to estimate how many ducks used the 
area Over the entire spring season. 

More than half the ducks sighted were mallards (Anas platyrhynchos). 
The remainder were about equally divided between buffleheads (Bucephala 
albeola) and common goldeneyes (Bucephala clangula). Very small numbers 
of pintails (Anas acuta), green-winged teal (Anas caroltnensts), lesser 
scaup (Aythya affinis) and shovelers (Spatula clypeata) were sighted. 

In addition, 27 American widgeons (Mareca americana) were spotted on one 
occasion. 

Numerous Canada goose (3ranta canadensis) flights were observed 
from April 24 to May 7, but landings were observed on only two occasions. 
Flocks of feeding whistling swans (Olor colwnbtanus) were observed on 
May 9 and May 13, numbering 12 on the former date and 40 on the latter. 
At least 250 spotted sandpipers (Actitis macularia) and lesser yellowlegs 
(Totanus flavipes) fed heavily on exposed mud flats in the outlet area 


prior *to the late May rise in lake level. 


Summer Breeding Season 


Good nesting areas for ducks were confined oe to the 
low lying land at the eastern and western ends of the lake. Because of 
the rocky exposed shores of the lake and scant emergent vegetation, nest- 
ing areas for dabbling ducks along the lakeshore proper were few, except 
along the shore of the west end of the lake. The majority of nesting 
sites for dabbling ducks were located along the slow inflowing streams 
in the east and west ends of the lakes and in the area of small potholes 


just west of the lake. 
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During the summer months diving ducks were commonly sighted on 
the lake. Abundance was not exceptionally high. These diving ducks 
were principally goldeneyes (Bucephala clangula), lesser scaup (Aythya 
Gy ;ince) and are scoters (Melanitta perspictilata). Of these species the 
goldeneye is a tree nester while the others are groundnesters. As with 
dabbling ducks, the best nesting locations for these ducks were along 
the slow inflowing streams and in the marshy areas west of the lake. 

An attempt was made to estimate the nunbers of pairs of nesting 
ducks in various areas around the lake on the basis of observed densities 
of ducks in the Peace-Athabasca Delta area (Peace-Athabasca Delta Project 
Group, 1973, pp 64-67) for roughly similar habitats. Data on waterfowl 
habitat in the Peace-Athabasca Delta are in terms of miles of lake shore- 
line. In Kakisa, much waterfowl habitat is along slow-flowing streams 
and equivalent lake shoreline was estimated at twice the length of main- 
stem streams. The accuracy of such a conversion is questionable. How- 
ever, the estimation method seems preferable to a totally subjective 
approach. 

It is estimated (Table 27) that the Kakisa Lake area contains 
approximately 300 pairs of nesting AN ma oly which approximately 85% 
are dabblers and 15% are divers. 

An estimated 70% of the total duck population nests in the west 
end of the lake which appears to be the only suitable nesting habitat 
of diving ducks and the preferred nesting habitat of dabblers. 

Spotted sandpipers, which are solitary birds, were well-distributed 
around the lake and up the inlet streams during summer months. The 
fact that they were everywhere in evidence indicates high populations of 


nesting birds. 
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A nesting colony of approximately 200 California gulls was found 
about two miles up Tathlina River on a rock island in the middle of the 


river. 


Late Summer and Fall 


Kakisa Lake received moderate to heavy use as a late summer and 
fall staging area. 

Intensive duck activity in the outlet area commenced in early 
August when one to two hundred pintails moved in and fed heavily on the 
dense growths of potamogetons. As the season progressed, other dabbling 
ducks moved in, notably mallard, teal, widgeon, and gadwall. With the 
advent of cold weather in September, the number of dabbling ducks de- 
creased, and the number of diving ducks increased. Large numbers of 
goldeneye were present in September, numbering about 500 at their peak. 
In addition, small numbers of white-winged (Melanitta deglandi) and surf 
scoters were present. There was also fairly heavy duck activity around 
most of the inlet streams and in the western end of the lake. Total 
number of ducks using the lake at any one time was not likely greater 
than 20090, but total number using the lake throughout the fall season 
was impossible to estimate. 

Geese and swans were more numerous in the fall than in 
the spring and duration of stay was longer. The two points on the west 
end of the lake were the principal areas used by geese. Occasional flocks 
were also sighted in the vicinity of Muskeg River. Maximum number observed 
at one time was about 100 Canada geese. In addition, 60 snow geese (Chen 
hyperborea) were observed on one occasion in the west end of the lake. 
Geese were present in the Kakisa area from the end of August to late Sep- 


tember. 
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The eastern end of Kakisa Lake was heavily used by whistling 
swans throughout most of September. Swans were frequently observed along 
the eastern shore of the lake from Muskeg River to Kakisa River. Maximum 


number observed in one sighting was approximately 200. 


Rare Predatory Birds 


The Kakisa Lake area had a highly visible population of bald 
eagles (Haltaeetus leucocephalus) and ospreys (Pandion haliaetus). Sight- 
ings of both species were almost inevitable on any outing lasting more 
than a couple of hours. They appeared to frequent the ends of the lake 
more than the long shores. 

Only one active nest of bald eagles was positively located, at 
the site of the old Indian village (Fig 1). Judging from frequency and 
spacing of sightings, we estimate that the number of eagle nests around 
the lake was probably five, and tne probable number of osprey nests was 


three or four. 


Furbearers and Small Game 
Beavers (Castor canadensis) 


Of the major furbearers beavers were most heavily dependent on 
vegetation closely bordering Kakisa Lake. Each of the minor inlet 
streams had a lodge near the lake. Each stream also had a second lodge 
at a variable distance (usually less than 1 mi (1.6 km)) upstream from the 
first lodge. Six active lodges were located below the 732 ft contour to 
the west of the lake and four to the east. Estimated annual production 
of these 10 lodges would be 20 - 30, based on the assumption that one 
breeding pair per lodge would be able to raise 2 - 3 offspring through 


the first two winters. 
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Several lodges were not counted, because they did not appear to 
be in use, but there were several areas of heavv beaver 


sign where no lodges could be found, suggesting that bank burrows were 
being used. Thus our estimate of beaver population within the zone of 
flooding is likely conservative. Total population could conceivably be 


asVhi eh ass 206 tor25, adult pairs. 


Snowshoe Hares (Lepus_amertcanus) 


There was very heavy sign of snowshoe hares in the low areas 
around the east end of the lake. Kakisa villagers snared many hares in 
the area for food and trap bait. There are no recent records of their 
fur being sold. 

It is likely that the low willow vegetation west of the lake was 
also heavily used by hares in winter. 

ilares reach high numbers about once each decade and the winter 


of 1971-72 appears to have been such a peak year (Fuller, pers. comm.) . 


Lynx (Lynx lynsx) 


The principal areas for trapping lynx were along cutlines and 
east end rivers, well above the zone of flooding. 

Trapping success in low-lying areas near the lake was reported 
to be low by native trappers. Since hares are practically the sole diet 
of lynx in winter, it appears contradictory that lynx should appear 
scarce in good hare habitat. It is quite possible that factors such as 
trap-shyness, poor visibility of bait and presence of hares springing 
lynx traps adversely affected trapping success in low areas near the lake. 


It appears certain that lynx must benefit from the hare habitat near the 
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lake, either by direct hunting or at least by the hunting of surplus 


animals that wander out of optimum habitat. 


Red Squirrels (Tamiasciurus hudsontcus) 


Thesbest *habitat for red squirrels is in mature white Spruce areas, 

Such areas are rather limited in extent within the area to be affected by 
flooding. The major stand of white spruce lies in a narrow Sstripy200"to 
500 feet wide and 20 miles long along the north shore of Kakisa Lake. 

This area could support approximately 620 squirrels at an assumed density 
of 0.62 squirrels per acre, the maximum spring density at Heart Lake, 
Niet Mae 960-69 (71 roland) Fuller. 1971). Othe wlareas fa aman, the upper 
reaches of Muskeg and Little Rivers and along the banks of Tathlina and 
Kakisa Rivers. Of the latter sites, only the five mile stretch of white 


Spruce forest along the Kakisa River would be affected by flooding. 


Marten and Mink (Martes americana and Mustela vtson) 


We obtained no precise data on the distribution of martens and 
mink. There may be a concentrationof martens close to the lake and its 
streams because of the likelihood of high concentration of small mammals 
(mice and squirrels) in the productive habitats there. Burt and Gross-— 
heinder (1952) reported that stream and lake banks are the usual denning 
habitats for mink. In addition their diet of small mammals, birds, eggs 
and fish would favor their concentration in the vicinity of the slow in- 


flowing streams of Kakisa Lake. 


Muskrats (Ondatra gtbethtcus) 


There were small areas of emergent vegetation suitable for musk- 


rats along Little River and along Rivers 1, 2 and 3. Populations in 
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these areas were not exceptionally high, as evidenced by the infrequency 
of sighting of animals. Extent of this river habitat is approximately 
8.6 linear miles. Errington (1962, p 336-37) calculated spring popula- 
tions of 65 adults and fall populations of 245 adults and juveniles for 
aonine mile “stretch of Squaw Creek in central lowas Dt iswlikely that 
Squaw Creek adult populations and rate of production of young would be 
considerably higher than those of Kakisa Lake, where climate is severe 


and edaphic conditions are less favorable. 


Spruce Grouse (Canachites canadensts) 
ppruce rouse (tanacnhites canadensis) 


The spruce grouse was the only upland game bird observed in the 
vicinity of Kakisa Lake. Some grouse activity was noted in mixed white 
spruce areas near the mouth of Muskeg River. Spruce grouse were also 
sighted on the south shore of the lake on the steep slopes. It appears 
likely that the north shore, with its dense white spruce growth near 
shore, would also be spruce grouse habitat, but no sightings were made to 


confirm this’. 


Big Game 
Moose (Alces alces) 


Summer moose forage of aquatic vegetation is available in fairly 
large quantities in the eastern and western ends of the lake, and in the 
slow inflowing streams. Winter browse of willow and aspen is abundantly 
available to the east and west of the lake up to an elevation of approxi- 
mately suet (223. fom) 

The land east of the lake was extensively travelled in the early 


spring (March - April) and little or no sign of browsing activity could 
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be found, indicating that the moose population was low for the quality of 
the habitat. It appears that hunting pressure in areas around the lake 
have reduced moose populations to low levels. The Peace-Athabasca Delta 
Projects (197 328np 74-76) reported that average moose density on the delta 
ne | O7 Wewace 0 293 maceey mia COe24 moose) ean and maximum density was 5.1 
moose/mi~ GE o7 moose/km*) . The low moose density was attributed to heavy 
hunting pressure. They estimated that actual average carrying capacity 
was approximately 6.5 moose/mi* C2554. Tooele 

At Kakisa Lake, about 13 sq mi (33.7 en) of low-lying habitat 
belowselevation 734 £6 (223.7 m) could be classified as good moose habi- 
tar. ‘Iinegaddition 1 = 2 a of low-lying Kakisa River delta area could 
probably be classified as excellent habitat. If nee assumed that hunt- 
ing pressure and habitat conditions in the optimum areas around Kakisa 
Lake are roughly equivalent to average conditions on the Peace-Athabasca 
delta, the present moose population for approximately 15 mal (39 ena) hg 
good Kakisa habitat could be estimated to have an actual moose population 


of 14 and a potential population of 98 moose. 


Bears and Wolves (Ursus amertcanus and Cants Lupus) 


Bear tracks were commonly sighted on lake beaches and along banks 
of streams. Two sightings were made by our field party, one on the south 
shore of the lake and one on the south bank of the Muskeg River. 

One female bear and her cubs were shot by a villager in the Muskeg 
River area. A bear frequently visited the camping site at Lady Evelyn 
Falls. 

Commercial fishing on Kakisa Lake doubtless attracts bears to the 
area since thousands of pounds of pike and suckers are discarded in addi- 


tion to several thousand pounds of walleye entrails. 
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Wolf tracks were commonly seen on the north shore sand beaches 


but no animals were sighted. 


Trapping Records 


Trapping records for the years 1969 to 1972 are presented in 
Table 28. It should be noted that the 1972 figures are incomplete and 
do not include beavers shot in the spring which normally add significantly 
to the total. It can be seen that trapping effort has been quite con- 
sistent from year to year. On a three year total, lynx was the major 
economic species, followed by beaver and mink. Marten was a distant 
fourth. All other species combined accounted for about $400.00, less 
than 54 of the total: 

The relative importance of the three major furbearers varied 
from year to year. The importance of lynx is probably related to the 
present high price of spotted cat fur and possibly to a cyclical high in 
the lynx population. On a long-term basis, beaver probably produces a 
larger income than lynx. 

Of the approximately $3,000 worth of furs that were traded each 
year, it is unlikely that more than 20% of the furs came from the im- 
mediate Kakisa Lake area. 

Most traplines extended many miles from the lake. In addition, 
significant amounts of furs were taken from the Tathlina Lake area. How- 
ever, considerable effort was expended by nearby traplines. Moreover, 
these nearby traplines tended to be maintained by older villagers who 
were unable to cover the long distances required to maintain the distant 


and more lucrative traplines. 
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Human Ecology 


The lifestyle of the Kakisa villagers is intimately tied to the 
biological resources of a large geographical area extending over more 
than two-thirds of the Kakisa River watershed. This area includes Tath- 
lina Lake and its inlet streams, Kakisa Lake and its inlet streams and 
Kakisa River down to Beaver Lake. 

Fishing on both Kakisa and Tathlina Lakes is the mainstay of the 
village economy and the chief source of cash income. Trapping is an im- 
portant supplementary form of income. Land use patterns tend to follow 
a pattern which is repeated annually with a limited amount of variation. 

In mid-winter, a limited ice fishery at the mouth of Tathlina 
River on Kakisa Lake sustains dogs in the village ala provides a small 
cash income. At that time there is also a limited ice fishery on Tathlina 
Lake in the main inlet river region, as well as considerable trapping and 
hunting along the streams running into Tathlina Lake. There is trapping 
activity in the Kakisa Lake area, principally along Tathlina, Kakisa, 
Muskeg and Little Rivers, and along various cutlines. Most trapping 
activity radiates from the eastern half of the lake. Dogsleds are the only 
means of transportation used by natives in the winter. Some 70 dogs are 
maintained in the village year round for winter transportation. They 
necessitate a fairly constant level of fishing and drying of fish on the 
part of the villagers. The white villagers, all members of one family, 
are fully mechanized, and maintain no sled dogs. 

Just before breakup there are strong movements of walleye into 
spawning areas. At that time, native villagers move their Kakisa Lake 


fishing operations from the mouth of Tathlina River to the mouth of 
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Muskeg River. Simultaneously there is intensified ice fishing effort at 
the main inlet to Tathlina Lake by both white and native fishermen. 
epring ice fishing in Tathlina Lake is lucrative but of short duration. 
When planes can no longer land on the ice, or the ice is unsafe for 
large snowmobiles, the entire operation is abandoned, and all fishing 
effort reverts to Kakisa Lake. 

Muskeg River is fished until it is possible to traverse the lake 
by boat to Tathlina River at which time most villagers, native and white, 
become involved in intensive fishing in the vicinity of the Tathlina river- 
mouth area and continue until the limit of 41,900 pounds of walleye is reached. 

Once spring fishing is over, there is traditionally a spring hunt 
up Tathlina River to Tathlina Lake. During the trip upstream, beavers 
are shot. On Tathlina Lake geese and ducks are shot and moose is hunted 
for a summer meat supply. Additional beavers are shot on the inlet streams 
of Tathlina Lake. The hunt generally lasts for 6 weeks. This year was 
the first year that the Spring hunt was not undertaken for reasons not 
yet clear. 

After the spring fishing (and normally the spring hunt), hunting 
and fishing activity is greatly reduced until about mid-September. 
Throughout summer, sporadic hunting takes place and only sufficient fish 
are caught to maintain the dogs. 

In fall, hunting activity increases. Geese and moose are sought 
in the west end of the lake. In mid-September, some men move down to the 
mouth of Kakisa River near Beaver Lake, catch up to 20,000 pounds of 
spawning whitefish for winter dog food and shoot large numbers of ducks 


and geese for themselves. 
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The whitefish are dried in permanent buildings located about 2 
miles upstream from Beaver Lake. The fish are stored in these smoke- 
houses, and the villagers make periodic trips by dogsled during winter 
to replenish their dog food Supply. 

In late fall some villagers *returm to Tathlina Lake to fish 
through the ice for walleye near the inlet stream. Some overwinter at 
Tathlina to trap, fish and hunt. The quota for walleye on Tathlina Lake 
is 70,000 pounds. The Proportion of the quota removed during fall varies 
from year to year. Some years it is the major Proportion, other years it 
may be a very small Proportion. A large proportion of the Tathlina quota 
is taken by white fishermen, 

Kakisa villagers engage in a limited ae. of outside work dur- 
ing the quiet summer period. One man has a full-time outside occupation 
while the remainder work Sporadically as casual laborers, firefighters, 
commercial fishermen on Great Slave, brush cutters, chainmen or heavy 
equipment operators. 

The way of life of Kakisa villagers is largely centered on tradi- 
tional occupations of fishing, hunting and trapping, which appear to 
supply adequately the basic necessities. Some adaptations of this way of 
life to a cash economy have been made. 

No shortage of food or serious health problems were observed. 

The only major input of federal social assistance has been provision of 
building materials and technical assistance in constructing the cabins 
occupying the present site. Ona continuing basis, there have been no 
major inputs of welfare money other than normal social security programs 


available to all Canadian citizens. Collection of welfare money by able- 


bodied men has been, at most, a rare occurrence, 
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The impact of Kakisa Village on the natural environment, exploited 
by the native people, has been minimal. The only noticeable effect is 
a localized scarcity of moose near Kakisa Lake. The minimal damage to 
the natural environment and the comparatively high standard at which the 
people of Kakisa have been able to support themselves is no doubt due to 
the large area of natural environment utilized and to the rotational 
manner of this utilization. Moreover, the population of the village has 
been stable for several decades. Native population of the village now 
stands at 43. This has no doubt been an instrumental factor in the over- 
all economic success of the community. 

A fact sheet (Table 29) of social and economic information related 
to land use by the residents of the Kakisa area has been included. It 
should be emphasized that the values listed for presently used fishing, 
hunting and trapping resources are gross values. No attempt has been 
made to estimate the considerable expenses involved in procuring and ship- 
ping these biological resources. In many cases these expenses may exceed 
half the value of the resource. 

It should be noted that large quantities of fish and game are 


derived from the immediate environment for food. Its value, when calcu- 


lated on the basis of the value of equivalent purchased supplies, is 


considerable. 


Another point that should be noted is that native people gain 
considerably greater economic livelihood from the Kakisa Lake environment 
than from the Tathlina Lake environment. White villagers, on the other 


hand, derive the major portion of their livelihoods from Tathlina Lake. 
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PROBABLE ENVIRONMENTAL EFFECTS OF 


HYDRO DEVELOPMENT 


General 


It should be understood from the outset that almost any hydro 
development causes some net reduction in existing biological assets 
(c.f. Cuerrier, 1954; Rawson, 1958; utube, "L956 *Mi bier fand@Paetz), 1059; 
Grimas, 1961, 1962, 1964, 1965; Neel, 1963; Runnstrom, 1964; Nilsson, 
1964; Nelson 1965). Therefore any environmental assessment tends to 
read negatively. The reader should not construe this as a value judge- 
ment on the writer's part as to the overall merits of the development. 
The value judgement that must be made is not whether a proposed project 
would be environmentally beneficial, but whether changes in the natural 
environment would not be so great as to negate the positive economic 


benefits of the project. 


Basis of Assessment 


The assessment of environmental effects is based on a graph 
(Fig 14), supplied by Underwood, McLellan and Associates, which shows 
Kakisa Lake water levels from 1962 to 1972. Three separate water level 
regimes, designated as lines A, B, and C, have been drawn on Fig 14. 
Line A indicates estimated naturally occurring water levels for the 
period of record. Lines B and C indicate water level regimes that would 
have occurred if the lake had been developed for 6 and 8 ft (1.83 and 
2.44 m) of live storage, respectively, during the period of record. 
For purposes of brevity of description, the option of "no development" 


will be designated as Scheme A, the option of development of 6 ft of 
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storage" as Scheme B and the option of "development of 8 ft of storage" 
as Scheme C. The remainder of this thesis will deal with the physical 
and biological differences among the three options. Predictions of 
possible effects of development will be based on the writer's assessment 
of what would have happened with Schemes B and C over the period of 
record. 

The lines B and C on Fig 14 are based on the assumption that 
a firm flow of 1500 cfs would be passed downriver from May 1 to Septem- 
ber 1, and that a firm flow of 1250 cfs would be passed during the other 
8 months of the year. Reservoir water levels have been established by 
using a rating curve of outflow vs. lake level in conjunction with flow 
records from the Water Survey of Canada metering station on Kakisa 
River. The rating curve, upon which estimates of lake levels are based, 
was established for a narrow range of water levels and flows during the 
summer of 1972, and could be substantially in error for high flows 
(C. Anderson, UMA, Personal Communication). Moreover, the rating curve 
probably varies from year to year in response to annual differences in 
the pattern of weed growth in the outlet area. 

The writer has no alternative but to assume that all information 
supplied by other sources is correct, and that reservoir operation will 
be carried out exactly as described. Any changes in operation or errors 
in information supplied could significantly alter predictions of likely 
environmental effects. Therefore, any such changes would require 
re-evaluation of the environmental effects of development. 

In the discussion that follows and in the accompanying figures 
and tables, use will be made of the concepts of both mean and median 


values to describe water levels and water level differences. The mean 
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is simply the arithmetic average of all observations for the period of 
record. The median value is here defined as the fourth highest value 

of the 8 year period of complete records (i.e. 4 out of 8 values are 

less thanvor equal te the median). Since means andmedians convey slightly 
different meanings, especially when the data are strongly biased in 

either the high or low direction, both statistics are used for the sake 


of completeness. 


Differences among Water Level Regimes for 


Schemes A, B and C 


Fig 15 shows frequencies of occurrence of water levels for each 
scheme for each month of the period of record. It can be seen that 
regulation results in an upward shift in a range of water levels rather 
than a discrete change in water levels. The overlap of frequencies of 
occurrence of water levels is quite strong between Scheme A. and Scheme B. 
It is also quite strong between Scheme B and Scheme C. However, there 
is very little overlap between Scheme A and Scheme C. 

Table 30 shows that there are only very small differences in 
annual water level fluctuation among Schemes A, B and C. Average annual 
Fluctuations) areeds 2hwie le ands 4 Gefte (28st 1.2 5eands 1431. m) and maximum 
annual fluctuations are 5.5, 5.3 and 6.2 ft (1.68, 1.62 and 1.89 m) for 
Schemes A, B and C, respectively. 

However, timing of water level fluctuation is substantially 
different in unregulated and regulated schemes. In regulated schemes, 
the rate of water level drop in summer is reduced, whereas the amount 
of water drop in fall and winter is increased. These relationships are 


shown in Tables 31 and 32. 
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Average drawdowns (Table 31)" 08 2.3, 3.3 and 3rorer CO eee 
and 1.01 m) occur for Schemes A, B and C, respectively, for the period 
between August 1 (time of mache extent of rooted aquatic vegetation) 
and the spring low. Although the differences in average drawdown among 
the three schemes are quite small, differences in maximum drawdown for 
the period of record can be somewhat larger. Maximum drawdowns are 
Olen oeo ands oer (O°965° 1.46 and 1.59 m) for Schemes A, B and Cs 
respectively. 

Average drawdowns (Table 32) of TO, Sob and 362) tte (0.56, 0296 
and 0.98 m) occur for Schemes iy aD cae Gre respectively, for the period 
between October 1 (time of fall spawning) and the spring low. Maximum 
drawdowns are 2.6, 4.2 and 4.1 fe (0.79, P26 and 1.25 m) for Schemes A, 
B and C, respectively. 

The amount of fluctuation of water level that occurs and the 
timing of fluctuation profoundly affect biological processes in the lake. 
Of particular importance are the effects of water level fluctuations on 
aquatic and terrestrial vegetation and upon fish and wildlife which 
will be discussed in later sections. 

Actual water levels that occur are at least as important bio- 
logically as the amount of fluctuation in these levels. Duration for 
which water levels occur and the timing of their occurrences are the 
most critical aspects of water levels. Mid and later summer water levels 
are especially important for both aquatic and terrestrial vegetation. 
Spring minima and maxima are important fisheries and wildlife considera- 
tions. 

Fig 16 and Table 33 show the differences in water levels among 


the three schemes of development. In June Scheme B and C have water 
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levels which average 0.6 and 2.1 ft (0.18 and 0.64 m) higher, respectively, 
than the average for Scheme A. In Julycthemtiourestares ieyeands 3ee8tt 
(0.52 and 0.98 m) in Auguste 2-06 andi 3 .5= fts.(0. 64eandsa& Ov m) and in 
september? 2.0 sands .br ft (0. Glands it.07 m). Thus, it can be seen that 
the differences between regulated and unregulated schemes become larger 
as the growing season progresses, while differences between the two 
regulated schemes remain approximately constant throughout the growing 
season. 

Table 34 shows the differences in water levels among Schemes A, 
B and C in a year (1965) when differences among the schemes were quite 
pronounced. Differences between regulated and unregulated cases are 
substantially higher than for the average year, and ore difference 
between Schemes B and C is a constant 2 ft (0.61 m) throughout the 
summer, a value which approximates the maximum possible difference be- 


tween these two schemes. 


Land to be Flooded 


Contour maps supplied by Underwood, McLellan and Associates indi- 
cate extensive flooding of riverbank and shoreline vegetation in the 
western end of the lake when lake water level Teaches 720960 (221589 m) 
Fig 14, also supplied by Underwood, McLelland and Associates, shows the 
peak 1972 water level to be 728 ft. Therefore, according to this graph 
there should have been noticeable flooding in the west end at the time 
of maximum levels. But the area was examined by field parties on June 21 
when lake level was at or near its 1972 peak, according to the recording 
flow meter on Kakisa River, and the west end streams were found to be 


bank-full but not flooding. This discrepancy was brought to the attention 
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of the above engineering firm, and the contour maps of the west end were 
checked for accuracy. This check indicated that there were no signifi- 
cant mapping errors, so it can only be concluded that the water level 
vs. outflow graph (Fig 14) for Kakisa is significantly in error, and 
that it gives values that overestimate maximum historical lake levels 

by at least a foot.” In veiw of this, it would appear that the histori- 
cal maximum lake level of 729.4 ft (222.32 m) is somewhat in error and 
may give an overly optimistic picture of the ability of the low-lying 
terrestrial vegetation to endure flooding. 

In any event, there is no evidence of damage to terrestrial 
willow and aspen vegetation due to the high water levels of 1962. Hay 
River records indicate that 1962 was the lowest of four consecutive 
years (1960-63) of high rainfall (C. Anderson, U.M.A. Personal Communi- 
Cation)... Therefore. it 1s likely that similar high early summer water 
levels occurred in the other three years, although no record exists. 

It should be noted, however, that high water levels occur for a longer 
period of the growing season under Schemes B and C than under Scheme A. 
Under natural conditions, high water levels are almost always followed 
by a strong receding trend which allows the root system of flooded trees 
to recover from the adverse effects of spring flooding. 

Table 35 gives a breakdown of the area and location of lands 
that would be affected by raised water levels under Scheme C. Lands 
below elevation 732 ft (223.11 m) would be subjected to the direct effects 
of flooding and wave action. These lands amount to 8.78 wage Pele in). 
Lands between 732 and 734 ft (223.11 and 223.72 m) would be subject to 
varying amounts of wave action and to the effects of raised water table. 


2 
Total area of land in this contour interval is 4.21 rail COO Oct Ds 
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It should be noted that the greatest area of land affected by 
raised water levels would be to the west of the lake. The east shore 
would be the second most affected area. The north shore would undergo 
a much smaller amount of flooding in terms of area, bUE in-terms*of 
linear miles flooding effects would be substantial. The low-lying river- 
mouth of Tathlina River would be heavily flooded. The long south shore 
of the lake would undergo negligible flooding because of its steeply 
sloping shores. 

The amount of direct flooding with Scheme B would be proportion- 
ately less than for Scheme C. Actual flooding of terrestrial habitat 
would not start to occur until some elevation between 726 and 728°5t 
(221.28 and 221.89 m) was reached. The zone subjected to water table 
and wave-action effects would be at least as large for Scheme B as for 
Scheme C, since the area between the 729 and 731 £EMC222519 and €22289 tm) 
contours is at least as large as that between the 731 and 733 ft (222.380 
and 223.42 m) contours. Exact figures are not available, since the map- 
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Topography and Geomorphology 


Shoreline Erosion 


Along the exposed northern shore, it is reasonable to expect 
that the effects of wave erosion should extend to at least 2 ft (0.61 m) 
above full supply level. 

Since major soil development starts at the tree line at approxi- 
mately elevation 729.5 ft (222.35 m), it follows that Scheme Betwitth 
full supply level of 729.2 ft (222.26 m) would have a minimum zone of 


erosion of 1.7 ft (0.52 m), between elevations 729.5 and 731.2 ft (222.35 
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and 222.86 m) whereas Scheme C, with a full supply level of 731.2 ft 
(222.86), would have a minimum zone of erosion of 3.7 ft (1.13 m) between 
elevatnonse/ 207 gant) 330116220. 95) and 223.48 Dl) 

The south shore, with its steep, boulder shores and almost total 
lack of soil development below elevation 733.2 ft, should experience 
only negligible erosion. 

The west shore of the lake might be quite well-protected from 
wave erosion, in view of the fact that it is sheltered by sandbars. 
Moreover, the wide flat expanse of the areas to be flooded might effec- 
tively dissipate wave action, by producing considerable bottom drag on 
incoming waves. In addition, aquatic and emergent vegetation might pro- 
vide a further dampening effect on waves ereei ee shore. Ice erosion 
might prove a more significant erosive force than wave-action in the 
west end of the lake. Areas which, under natural conditions, are never 
flooded at the time of freeze-up, would generally be covered with a 
thick ice sheet in winter under Schemes B and C. As the water level 
was lowered during the winter, this ice sheet would come in contact 
with the entire area of the flooded land. Soil could adhere to the 
lower surface of the ice sheet and could be removed and transported into 
the lake system when the ice floated up in the spring. Thermokarst 
subsidence would occur in the west end of the lake if the patterned 
ground observable in the area to be flooded represents active permafrost 
and is not just a manifestation of an earlier permafrost occurrence. 
Finally, there is a possibility that floating peat islands, from areas 
of floating sedge bogs and muskegs, could break loose as the result of 


the bouyant effect of raised water levels. 


re ot a i 
- 
- 


i eas 
Cots | 1 oh 
$F LALET to inv ehoque fe 


= 
gaseted m £1.14) at Vf 26 ave @ oi ces 
hs — ee 
. (wm BS AGE be bia S) 32 S/6eN te 2.CSY anoks st 


-_ i =P ae * an 
fejo1 adaoais bes esate Leal sabe Fag tw / sartore. dav0m oat ie 
-_ 
synstiedxe bloole .st £.CEY norsaase oad ousur yataveb ay ten > 
i ” 


a ma cilieee eidtgiigen er 


7 
i a ’ 


moAt, bozog70%q-l Tow 99 bupyad angle steal aus Jo store Jesw oft 4 ‘ 


-atadbnes vd betosisde 2t sah tia dost sis io wolr at one -{ 


=09115. 3¢gim bsbooli sd 93 esstR afd to gearegxs IsLi shiv ols pean — 


ove 


go aaxsh motiod sidersbleao> eatovboig % *noljos SVAW ossqteeth svi: 
-o7rg trgim noisetsasv Insgztais ais dtseupe Or ibbs at -eovaw gaimoant 
ry 


nokeots s31 «Stora gatdonerqqs a6yaw AD ieee go lusqiteh onan 


sais ot abi Gaia at novia Save) Ss¥viso1s taszlitegie sz0m s overq.3égh 


. 
Ysven of6 ,e0cliibaos [setutdan yebeu ~dotitw sesvA. .sael off i0 bas, eeu 7 ; 
¥ 


‘ 
Tevel sstew ots ah. .) bas a vamos? ibm tetekw mt Agere nae ca a 


s ditt bareves sd yflazsnog |biuoy .qu-ssset1 to omks af) Ja: bab 


Fj - " 
J9R7009 at suos bilyow ts9de@ sol air eiginiw edu gnitub eg 26) ied 


add? of s19tbse bluon Ltoe .hnek Bebosl? ons To aste ations ons ¢ ay | 


: 
scour 


djak besxoqaesys bis bevomet sd blued bas donita sol ond to eI sual 


iaxsdomisdt =. gotrqe ond crf qn bineatt aot ort we MoI ae 97 ots ‘of 


aT 
pant et 2b aish-sd3-to. bas daew aris ab RODE bivow sonst wr | 


af - 


sa ae ovthds eae basen os soa8 afd ak eidavson lo bauoxy, 
ws a at atch 
ie 7 


| .saisin30 seo lesa rohan ra to waa 
7 


en 
rita ape 


; eae nost sebastat “anaq vase ne 
Sana 4 ae 3 yes ad a8 seatias* tu 
is ; 


Lud. 
i 
" 
rs 


Jy 
: 


73 


It would appear that erosional effects in the west end would 
be more severe under Scheme C. than under Scheme B. With the higher 
water levels of Scheme C, sandbars, aquatic weedbeds, emergent weedbeds 
and bottom drag would provide less protection from wave action to flooded 
lands near the present shoreline than they would with Scheme B. In 
addition Scheme C would expose a much greater area of land than Scheme B 
to the special erosional effects previously mentioned. 

The eastern shore of the lake would. seem! to present an erosional 
situation intermediate between that occurring along the north shore and 
that occurring in the west end. Effects of wave-action should be less 
than they would be along the north shore because of the dissipating 
effects of a flatter-sloping shore. However wave-action should be con- 
siderably more severe than in the protected west end. The effects of 
ice-erosion should be more severe than in the west end because of greater 
exposure to wave-action during breakup. There should be only limited 
possibilities for thermokarst activity and the breaking loose of peat 
floating islands, since areas susceptible to these types of processes 
are uncommon on the eastern shore of the lake. 

In all parts of the lake, the effect of ice erosion may be some- 
what reduced if significant melting of shore ice occurs prior to a major 
rise in lake level. However, erosive effects of ice push, caused by 
thermal expansion of ice prior to major thawing, should occur in all 


years. 


Morphological Changes in Lake Basin 


Raised water levels would radically alter the relative contribu- 


tions of the various depth zones to the total lake area. Reasons for 
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this are two-fold. The lake bottom near the eastern shore of the lake 
isstairiy steeply-sloping above elevation 722 ft (220),06.m) ands is very 
gently-sloping below that elevation. As a result, regions immediately 
below elevation 722 represent a major portion of the total lake area. 
The situation is illustrated graphically in Fig 17 and 18 in five typi- 
cal profiles of the eastern shore of the lake (Sections AA to EE). In 
the west end of the lake virtually the entire lake bottom of the shallow 
water area is at an elevation of approximately 720 ft (219.45 m). The 
transition zone near shore is quite narrow and is insignificant in 
terms of percentage of the entire lake area. The situation insthe west 
end of the lake is depicted graphically in Fig 18 in three typical pro- 
files (Sections FF to HH). 

Along the north and south shores of the lake the transition from 
shore to a depth of 4 m (13.10 ft) is fairly abrupt. The contribution 
of these areas to the shallow zones of the lake is small compared with 
that made by the eastern and western ends of the lake. 

Changes in lake morphology resulting from Schemes B and C for 
the August 1 median water level are shown in Table 36. For Scheme B 
there is a significant decrease in the area of the 1] - 2 mB s28 —-95.55 
Liezone, mostly because the entire western part of the lake becomes 
includedsine ther deeper, 2e— 38.mi'(6%55¢=<99075 ft) zone. Part of the de= 
crease is also accountable to an upward shift on the more steeply- 
sloping part of the eastern shore. This upward shift in water levels 
also causes a decrease in the 3 - 4m (9.75 - 13.10 ft) zone as the 
result of a large part of this zone becomings part *of@the*4ee> me(13.To 


- 16.40 ft) zone. For Scheme C there is a further decrease in the 1 - 2 m 
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zone, as the entire zone in the east end becomes confined to the steeply- 
sloping part of the shore. There is a further decrease in the 2 - 3 m 
and 3 - 4 m zones as a result of the upward shift of depth zones on the 
eastern shore. There is a significant increase in the 0.- 1m (0.- 
3.28 ft) zone as the result of the flooding of large areas of terrestrial 
habitat. 

The morphological situation for the more extreme case of 1965 
is depicted in Table 37. It can be seen that Scheme B in that year would 
have resulted in a situation similar to Scheme C in the median year. It is 
also noteworthy, thatthe change of water Jleveli from 729 «2 stow73.2, ft 
(222.26 to 222.86 m) from Scheme 2B to Scheme C in 1965 would cause con- 
siderably less additional morphological change than does the change from 
PAS, Option 729-09) sity G2215589 stot222 474m) fizcom.Scheme: B sto. Scheme? cin 


the median year. 


Morphological Changes in Streams 


The normal variations in depth of streams just adjacent to the 
lake are shown in Fig 19. In the minor inflowing streams, the gradient 
near the lake is so low that lake levels influence river depths for 
distances which usually exceed a mile. Thus, lake level has a strong 
effect on river processes in these reaches. 

Schemes involving raised water levels would obviously have the 
effect of deepening reaches of streams within the zones influenced by 
raised water levels. Figs 20 and 21 give minimum, median and maximum 
depths for all streams (near the lake) for June 15 and August 15, respec- 
tively, for the period of record. It can be seen that the deepening 
effect is less marked on June 15, when natural levels are high, than on 


August 15 when natural levels are normally much lower than regulated levels. 
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The deepening of streams should bring about decreases in velocity 
in the reaches adjacent to the lake. If it is assumed that the river 
channels are roughly rectangular and that the flow would be contained 
within existing river banks, the velocity after regulation would be 


roughly equal to 
depth without regulation : ? 2 
x velocity without regulation 


depth with regulation 


The implication of lowered velocity is that finer particles than 
are presently deposited, would settle out on stream beds within the zone 
of influence of raised water levels. 

There is no quantitative data on silt loads and stream flows 
presently available that would allow reasonably accurate predictions of 
the siltation processes to be expected. However, qualitatively, it appears 
that only Tathlina River, Muskeg River and possibly Little River carry 
appreciable quantities of suspended particles. Nothing is known of their 
bed loads. 

With higher water levels deltaic deposition should occur further 
upstream in the rivermouth of Tathlina and Muskeg Rivers. 

Summer deposition of fine materials in Tathlina and Muskeg Rivers 
proper should also increase. It would still appear likely that much of 
the finest material would be scoured during high spring flows, even with 
slightly raised water levels. Nevertheless, some consideration of siltation 
phenomena should be made, especially for Muskeg River, a major spawning 
stream, where gravel suitability appears to be only marginally adequate and 
where most spawning areas fall within the sphere of influence of lake levels. 

Kakisa River would undergo the most significant changes of any of 
the streams affected by raised water levels. Water depth just above the 


dam would be increased to 50 or 60 ft (15 or 18 m) compared to the present 
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‘mean depth of approximately 4 ft (1.2 m). Such an increase in depth would 
result in velocities above the dam being roughly one fifteenth of naturally- 
occurring velocities. Lowered velocities above the dam should result in 
relatively heavy siltation upstream of the dam and a greatly clarified 

river flow downstream of the dam. This clarified flow would theoretically 
have a high potential for accelerating downstream erosion. However, peak 
flow rates under regulation would be much lower than natural peaks. There- 
fore this erosive potential should not be realized under normal plant 


operation. 


Vegetation 


Aquatic Vegetation in Kakisa Lake 


Morphology of the littoral zone, overwinter water level fluctua- 
tions, substrate type and wave exposure are postulated as the chief factors 
governing the distribution of aquatic vegetation in Kakisa Lake. 

Even under natural conditions, lake ice and drop of water level 
over winter may significantly influence the pattern of growth of aquatic 
vegetation. 

Quennerstedt (1958) has shown that the upper limit of aquatic 
vegetation in natural and regulated Swedish lakes corresponds very closely 
with the lowest winter water level. In lakes with large overwinter drops 
in lake level, the zone is reduced or eliminated. 

In Kakisa Lake, the average drawdown for the years of record from 
the peak of aquatic vegetation around August 1 to the spring low is about 
ao0 ete Om ye* * li addition aporoximalely Oo Dt WO vg2)m) OL Lce forms On 
the’ Vakelir winter. [hus- an average ot 2.5 fC Cl.og m) Or Littoral zone 


is normally subjected to severe conditions of cold and desiccation. 
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McAtee (1939) attested to the ability of seeds of Potamogeton 
to endure freezing and desiccation. Sculthorpe (1967, p 346) stated 
that winter buds and tubers, while dormant, show a certain resistance 
to adverse conditions, which is endowed by their mucilaginous covering 
or protective scale-like leaves, but since they lack any hard, thick 
impermeable coat, this resistance is undoubtedly limited. It is, there- 
fore, likely that only seeds would be able to survive in the zone above 
the lowest annual elevation of the bottom of the ice sheet. Since 
winter buds and tubers are a much more efficient means of propagation 
than seeds, it is hypothesized that the major zone of propagation of 
Potamogeton species is below the minimum spring elevation of the bottom 
surface of the ice sheet. Growth of aquatics in shallow areas is prob- 
ably more the result of growth from perenniating stock than of growth 
of new plants from seed. 

The average increase in water level drop from August 1 (the time 
of maximum extent of aquatic vegetation) to the spring minimum is only 
one foot greater for the Schemes B and C than for Scheme A. An extra 
foot of drop would decrease the perenniating stock of rooted aquatics 
but would by no means eliminate it. A reduction in the area of peren- 
niating stock could have the effect of slowing down the vegetative spread 
of rooted aquatics into the shallow zones in the summer. 

In certain years, such as 1966-67, 1967-68 and 1970-71, Schemes 
B and C have particularly large water level drops over winter of the order 
of 5 ft (1.53 m). They are significantly larger than the maximum water 
level drops of about 3 ft (0.92 m) under natural conditions. A water 


level drop of 5 ft and a 3 ft ice cover would mean that the refuge for 
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overwintering plants would be reduced to a zone below 8 ft (2.44 m) in 
depth. Since the lower limit of plant growth is only about 10 ft (3.05 m) 
the area of refuge would be quite small. If a large drop in lake level 
were to occur in a dry year, such as happened in 1969-70, and there was 
high runoff the following spring, it is conceivable that the overwintering 
stock of winter buds and tubers could end up covered with 10 to 12 ft 
(3.05 to 3.66 m) of water the following summer. This would be a rather 
unfavorable growth situation and could result in failure of most of the 
annual crop of aquatic vegetation. It could take several years for stock 
of perennial aquatic plants to recover from such a setback. If, on the 
other hand, the year following the large winter water level fluctuation, 
is normal or dry, the main effect might be only a less abundant crop than 
in years when over-winter fluctuation is smaller. 

This analysis of the effect of over-winter fluctuations in water 
level on aquatic vegetation has been based on the assumption that the 
water level regime of Fig 14 would be strictly adhered to. If use were 
made to carry-over storage in the spring, the amount of over-winter fluc- 
tuation would be substantially increased, and the worst case discussed 
in this section would apply more frequently. 

Changes in morphology of the littoral zone, resulting from raised 
water levels, could have a greater effect on rooted aquatic vegetation 
than over-winter water level fluctuations. When water levels are higher 
during the growing season for rooted aquatics, potential growth zones 
for aquatics are compressed onto the more steeply-sloping part of the 


shoreline. 
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The large reductions that would take place in the 1 - 2 m and 
2 - 3 m zone in the east end of the lake have already been discussed in 
the section on lake morphology. Since virtually all growth of rooted 
aquatics takes place between 1 - 3 m, reductions of rooted aquatics in the 
east end of the lake should be considerable. Table 38 demonstrates the 
effect on rooted aquatics in the east end of the lake. It can be seen 
that Scheme B involves a 16% increase in the 1 - 2 m zone in the median 
year and a 38% decrease in the 2 - 3 m zone. Scheme C involves a 627% 
decrease in the 1 - 2 m zone and a 50% decrease in the 2 - 3m zone. In 
a year such as 1965, Scheme B would have percent decreases similar to 
scheme C in the median year. | For Seheme C in 1965, pereent reduction 
in the depth zones suitable for aquatic vegetation would be slightly 
greater than in the median year. 

With a greater depth of water over the shallow, flat zone (pre- 
sently 3 - 4 m) of the east end of the lake, bottom drag should be less 
effective in dissipating wave-action. In addition the narrowing of the 
zone Suitable for rooted aquatic vegetation should increase wave-exposure 
for the remaining beds of rooted aquatics. The resultant overall increase 
in wave-action could bring about a further reduction in area and stem 
density of beds of aquatics. However, the effect is hard to quantify. 

In the west end of the lake, the rise in water level of Schemes 
B and C should not be sufficient to totally prevent growth of rooted 
aquatics by reduction in light penetration to the bottom. However, con- 
ditions of light on the bottom of the bay in the west end should be just 
marginal for growth, especially with Scheme C. Therefore, it is reason- 


able to predict a decrease in stem density. 
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The newly-flooded areas of the east and west ends of the lake 
should have some potential for supporting new growths of aquatic vegeta- 
tion. However, it should be remembered that these areas would normally 
be subjected to winter drawdown which could impair their ability to sus- 


tain dense growths of rooted aquatics. 


Rooted Aquatics in Rivers 


The extent of rooted aquatics in rivers is largely determined 
by the degree of penetration of light to the bottom and by substrate 
suitability. It can be seen from Table 8 that turbidity in the slow- 
flowing rivers approximates that occurring in the lake proper. Color 
in the slow-flowing rivers is appreciably higher. One would therefore 
expect maximum depths for aquatic plants in the rivers to be no greater 
than those in the lake. This would imply a maximum depth range between 
3eand 4m (9.2/5 to 3.10 ft). It can be seen from Fie 21 that Scheme Bs 
should likely have an effect only on River 2, whereas Scheme C could 
have an effect on Little River and River 2 during the median year. For 
the most extreme case, when maximum summer water levels of 729.2 and 


731.2 would occur for Scheme B and C, respectively, Little River and 
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River 2 still appear to be the only streams that could be significantly 


affected. 


Emergent and Wetland Vegetation 


Tables 36 and 37 show that Scheme B brings about an increase in 
the 0 and 1 m zone only during years when full storage capacity is 
realized (e.g. 1965). Scheme C brings about an approximate doubling in 
area of the 0 - 1 m zone. Much of the increase is the result of flood- 
ing of low-relief terrain in the eastern and particularly in the western 
end of the lake. As a result, it is reasonable to expect a significant 
expansion of areas of emergent vegetation in those areas. 

Existing sedge meadows which are largely above normal water 
level during the growing season would undergo flooding under both Schemes 
B and C. This should cause vegetational shifts and should 
result in encroachment of Equisetwn (horsetails) and Seirpus (rushes) 
onto the sedge meadows. This shift should be much less pronounced for 
Scheme B than for Scheme C. 

There is some possibility that ice erosion in the newly flooded 
areas could cause considerable vegetation and soil disturbance in newly- 
flooded areas and could prevent the full potential of these areas for 


emergent vegetation from being realized. 


Terrestrial Vegetation 


It goes without saying that all tree species consistently flooded 
throughout the growing season would be certain to suffer mortality. The 
effects of intermittent flooding and raised water table are somewhat 


more complex questions. Quennerstedt (1958) stated that, in north 
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Swedish water systems such ad the Sketlefte River basin system, the 
littoral Saltx bushes (S. lapponuwm and S. glauca) were killed when water 
level was held at the pre-existing natural high water mark for a longer 
period than is normal during the vegetation period. Thus, any scheme of 
flow regulation for Kakisa that has the potential to keep water levels 
at or above normal high water levels for a major part of the growing 
season would almost certainly cause 100% mortality of existing lakeshore 
and riverbank willow vegetation. 

Mature aspen was generally found above elevation 729 ft (222.19 
m) on the north shore of the lake and above elevation 728 ft (221.89 m) 
-in the west end of the lake on well-drained, Aer soils in areas that 
were not normally flooded, even during high water. Immature aspen was 
found at elevations as low as 727 ft (221.58 m) but the absence of mature 
trees indicated that adverse environmental influences such as ice-action, 
wave-action and periodically high water levels eliminate them from these 
areas. Scheme B should flood some of the lower lying aspen and saturate 
soils in large areas where aspen is growing. In addition, aspen on the 
north shore that is not flooded would be subjected to wave-action. The 
above influences should cause significant mortality. With Scheme C this 
mortality would be more widespread and would encompass virtually all 
aspen vegetation on the north, east and west shores of the lake, on the 
banks of Rivers 1, 2 and 3, on the banks of Little River and around the 
mouths of Muskeg River and Tathlina River. Moreover, it could affect 
a significant part of the aspen vegetation of Muskeg River. 

White spruce appears to have more stringent requirements than 


aspen and was seldom found below elevation 730 ft (222.50 m), well above 
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probable maximum spring flood level. The major area of white spruce 

that would be affected by raised water levels occurs in a narrow, twenty- 
mile strip along the north shore. Scheme B would likely cause signifi- 
cant but not total mortality to white spruce in that strip. Scheme C 
might cause almost total mortality. The white spruce strip is backed 


by stunted black spruce muskeg vegetation. 


Physical and Chemical 


Spring Breakup 


Obstruction of the Kakisa River with an impounding structure 
would prevent the normal free downstream movement of river and lake ice. 
Consequently, virtually all ice upstream of the dam (including the ice 
on Kakisa Lake) would be forced to melt in situ. With more ice on the 
lake during spring thaw, heating of the lake water would be less efficient, 
since ice absorbs much less energy than water. Moreover, total heat 
input required to melt the ice would increase, since latent heat of 
fusion required for melting would also have to be supplied to ice that 
normally would have passed downstream. 

Field records for Kakisa River show that the river was ice-free 
on May 6, 1972. However, there is no record of the exact day ice went 
out of the river. Records of Water Survey of Canada (1972, raw data)* 
show virtually no change in gauge height from April 28 to May 8, 1972 
at the Kakisa River gauging station. It can therefore be concluded that 
rise in river stage was not instrumental in the 1972 breakup, and that 
breakup was the result of gradual deterioration of the ice. It is 


* Data sheets of daily discharge available from Water Survey of Canada, 
Forte omith, Now ot. 
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difficult to extrapolate to other years to find a relationship between 
rising river levels and breakup, since records of exact breakup dates 
are not available. In some years, rising river levels may have acceler- 
ated breakup, but judging from the 1972 situation, breakup probably would 
not have been greatly delayed if river levels had not risen. It seems 
likely that the fluctuating output of the proposed power plant, coupled 
with the effect of the additional compensatory flow over the Falls which 
_would start on May 1, should be adequate disturbance to hasten the breakup 
of deteriorating river ace. 

No major problems associated with downstream breakup are forseen. 
Moreover, if any delays were to occur, they could be easily eliminated by 


increasing rate of power generation to dislodge the ice. 


Water Temperatures in Kakisa Lake 


Since ice would not escape downstream during breakup, and since 
more energy would be expended in melting the larger quantity of ice, late 
spring and early summer water temperatures should be lower under regula- 
tion than under unregulated conditions. The time around the summer sol- 
stice is Hike the greatest amount of solar energy is available for organic 
production. Loss of much of this energy in late spring and early summer 
could significantly reduce annual production of the lake. 

The rate of heating Kakisa Lake should also be somewhat reduced 
in spring and early summer by increases ,in the volume to surface ratios 
of Kakisa Lake, which could be as great as 25% for Scheme B and 40% for 
Scheme C. It should be remembered, however, that a large amount of the 


water contributing to increased lake volume is spring runoff 
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which is already warmed to summer or near-summer temperatures. For 
example, on May 28, Muskeg River was 15.5°C (59.9°F) and on June 11, 
Tathlina River was 16.0°C (60.8°F). Thus, there was a net heat flow 
into the lake as a result of runoff. 

The larger volume of water in the lake should also cause slight 
reductions in the amount of daily fluctuation of water temperatures and 
inthe rate of cooling of the lake water mass in the fall. These phenonm- 
ena should contribute slightly to a trend toward increased production. 
However, any production gains would be much less that the loss incurred 
by delayed spring warmup, principally because the solar energy available 
for organic production around the time of autumnal equinox is much less 


than the energy available around the time of summer solstice. 


Water Temperatures in Kakisa River 


Because of backup of ice behind the dam, water passing downstream 
of the Falls should be very cold until ice accumulation is melted. Thus, 
warmup of the stream, especially in the first few miles downstream of 
the Falls, should be appreciably retarded. 

Delayed warmup of the stream could delay spring spawning and 
could result in some loss of annual production of bottom organisms. 

Temperature fluctuations, after the ice is melted, could be 
larger than in the unregulated river, since summer flows of 1500 cfs are 
somewhat lower than the normal flows in June, July and August (Underwood, 
McLellan and Associates, 1972). However, they are quite similar to 
flows occurring in low flow years, and actually higher than average 
summer flows in years of extreme low flow, such as 1971 and 1972. There- 


fore, it appears unlikely that flow regulation would result in temperature 
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extremes or fluctuations exceeding the limit of tolerance of the exist- 
ing stream fauna. 

It is not clear whether Kakisa River above the dam will stratify. 
Depth is in the range of stratified lakes and wind protection from the 
riverbanks is good. Therefore, the basic conditions for stratification 
exist. However, since water is still confined to a narrow river channel, 
turbulent currents might be sufficient to promote mixing. The question 
should be further investigated. 

Stratification should have little effect on downstream tempera- 
tures, since the power plant draws water from near the surface of the 
reservoir where water temperatures are close to ambient temperatures. 
However, stratification often results in concentration of nutrients in 
the hypolimnion (below the level of the intake for the turbines) which 


could cause nutrient impoverishment downstream (Neel, 1963). 


Fall heeeze-Up 


Freeze-up can take place any time after water temperature reaches 
a uniform 4°C (39.2°F), provided sufficiently calm, freezing weather 


occurs. Since the lake becomes isothermal at 4° well before freeze-up 
(see p 15), it is unlikely that the slightly delayed cooling of Kakisa 


Lake, resulting from larger lake volume, would have any effect on freeze- 


up. 


Dissolved Oxygen 


Most of the water covering newly-flooded areas in late October 
would be less than 3 ft (0.9 m) deep and would likely freeze to the 


bottom. As the lake is drawn down during the winter, flooded areas that 
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are not frozen to the bottom should become so. Since it seems almost 
certain that most newly-flooded areas would be frozen solid throughout 
most of the winter, and therefore isolated from the rest of the lake, 

it is unlikely that winter oxygen demand in flooded areas would have an 
appreciable effect on the lake proper. In general, the locations of 
anaerobic areas and aerobic areas should change little after impound- 
ment and regulation. Anaerobic conditions should be confined to areas 
that have aquatic vegetation in summer and that have only a few ~ 
centimeters of water between the bottom of the ice cover and the lake 
bottom in winter. Experience sampling through the ice in the spring of 
1972 indicated that such areas occur only near the eastern and western 
shores, and that the boundary between anaerobic and aerobic areas of 

the lake is very sharp. Anaerobic areas did not seem to affect dis- 
solved oxygen levels in the lake proper. There is no reason to believe 
that the winter dissolved oxygen situation should worsen after regulation, 
since potential anaerobic areas would be virtually identical. Moreover, 
the greater volume of water should actually increase the absolute amount 
of dissolved oxygen available over winter. 

Decay of vegetation and organic soil may make appreciable summer 
oxygen demands. However, areas affected should be broad and shallow, 
and therefore susceptible to oxygenation by wind-action. Rooted aquat- 
ics and phytoplankton should also make a substantial contribution to 
oxygenation of the water during the long summer days. In the late 
Summer and early fall, when the annual crop of aquatic vegetation and 
plankton is subject torapid decomposition, the combined decomposition 
of this material and pre-existing organic material could cause localized 


lowering of oxygen levels in the flooded areas. It is unlikely, however, 
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that the lowering of dissolved oxygen there would have a significant 
effect on dissolved oxygen in the lake proper, as these waters, in 
the most extreme possible case, contribute less than 1% to total lake 


volume. 


pH 
Active decomposition could slightly lower pH in the west end 
of the lake, but the small volume of water involved and the huge buf- 


fering capacity of the lake should ensure that any pH changes in the 


lake are insignificant. 


Turbidity in Kakisa Lake 


As discussed in the section on erosion, higher water levels 
should increase the absolute amount of silt-sized particles derived 
from shoreline erosion. However, this would not necessarily cause an 
increase in turbidity, because higher water levels could cause at least 
two compensating effects. First, there is a greater dilution effect due 
to the larger volume of water in the lake. Second, higher water levels, 
especially in late summer should reduce the amount of resuspension of 
sediment from the presently extensive 3 - 4 m silt-bottomed part of the 
lake. This area will be reduced significantly by Scheme B and quite 
markedly by Scheme C. 

Since areas containing erodable materials are small relative to 
total lake area, since the areas possessing the largest amount of erod- 
able materials are protected to some extent from wave-action, and since 
higher water levels also appear to have some counteracting effects 
against increased turbidity, it appears unlikely that sioniticantein— 


creases in turbidity would take place with either Scheme B or Scheme C. 
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A corollary to the hypothesis that there would be no major in- 
crease, and possibly a decrease in turbidity, with increased sediment 
load, is that there should be some increase in the rate of sedimentation 
on the: lake bottoms! Invaddition, finer sediments should be deposited at 
higher bottom elevations because of depth increases. Such subtle changes 
in the nature of bottom sediments could bring about some faunal readjust- 


ments. 


Turbidity in the Kakisa River 


During sthe first tyean lof construction, no dams would be built, and there 
would be no regulation of flow of the Kakisa River (UMA Kakisa Hydro- 
Electric Feasibility Study, May 1972). There would $e excavation of 
river banks for intake structures and penstocks as well as dam foundation 
preparation. These operations could potentially cause heavy siltation 
of the river. However, with strict specifications for construction pro- 
cedures it should be possible to effect some reduction in the severity 
of river siltation. 

The second year of construction would involve a major reduction 
in streamflow and the dumping of large quantities of fill into’ the river 
from May 1 to October 1. Such procedures should vsdie in major silta- 
tion of the stream bed. After construction is completed, provision of 
high flows, comparable to normally-occurring high spring flows, should 
remove most accumulated silt. 

In the long term, turbidity in Kakisa River should be reduced. 
Sedimentation behind the dam should cause the river, downstream of the 


dam, to become clearer than it is presently. 
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Color 


Decomposition of organic soil, especially in the west end of the 
lake, could bring about localized color increases, but runoff from poorly 
drained areas is very small compared to that from the upper watershed 
(i.e. Tathlina River flow). Therefore, any increase in color should be 


very slight. 


Water Chemistry 


Decomposition of vegetation and organic material and erosional 
effects on both organic and mineral soils should release dissolved in- 
organic and organic substances to the water column and to the sediments. 
These nutrient releases could conceivably cause eer enon changes in 
water chemistry in localized parts of the lake, but in the long term, the 
water chemistry should continue to reflect the edaphic characteristics 
of the Kakisa River watershed. It should be remembered that "flushing 
time" for Kakisa Lake is only 1.1 yr and that the lake is constantly 
mixed. Consequently, the lake is in essence a very large widening of 
Kakisa River. Since both the water and the sediments which determine 
the water chemistry of Kakisa Lake are principally derived from the large 
Tathlina River inflow, it is unlikely that major differences in gross 
water chemistry, could develop. 

It does appear, however that impoundment could cause some altera- 
tion in the dynamics of phosphorus in Kakisa Lake, because the bulk of 
the phosphorus in a lake system in either fixed in sediments (Lee, 1970, 
pp 35-36) or stored by Phytoplankton, littoral macrophytes and even 
zooplankton (Ruttner, 1963, p 90). Only a small portion of the total 
lake phosphorus is present in dissolved phosphate form. Consequently 


phosphate tends to accumulate in a lake system. 
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Phosphate released from erosion and leaching of mineral soils 
and from decomposition of vegetation would likely be taken up immediately 
by plant organisms and could cause a short-term burst of high produc- 
tivity. glhics type ,of initial flush of high productivity has been noted 
by most researchers in the initial flooding stage of reservoirs (Neel, 
1963). Whether or not this would happen in Kakisa depends on whether 
or not productivity at present is being limited by any particular nutrient 
in short supply. 

Ultimately much of the initial phosphate flush would find its 
way into the sediments, where it would enter into the complex dynamics 
of phosphorus transfer between sediments and the overlying water. An 
overview of research into these dynamics is contained in Lee (1970). 
Knowledge of the intricacies of mud-water nutrient transfers is at a 
primitive stage, and the development of predictive models is not yet 
possible. 

Large amounts of phosphates absorbed to soil particles eroded 
from the new shores of the lake would also be carried into the sediments. 
Since phosphorus is strongly absorbed to particulate matter, this would 
likely be the major mechanism by which phosphorus from the terrestrial 


environment would be transferred to the aquatic environment. 


The most subtle and perhaps the most important change in the 
phosphorus dynamics of the lake would be brought about by regulation of 
the outflow. With greatly reduced spring outflows, there could be much 
greater retention of phosphorus in the system, because losses in phyto- 
plankton, which tie up most of the free phosphates, would be greatly re- 


duced during the spring and summer, when phytoplankton populations are 
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high. Since this effect would occur over the life of the projectelt 
likely overshadows the short-term effects of decay of terrestrial vege- 
tation and erosion of terrestrial soils. 

Although phosphorus accumulation is generally considered the 
major contributing factor to the process of CuULLOPhicatlon.e tai Sane & 
clear that productivity is limited by phosphorus in all lakes. In 
Kakisa, there is at least some circumstantial evidence that productivity 
may be limited by physical factors. Mowever, this has not been verified, 


and verification would require a major research effort. 


Plankton 


Productivity of plankton in Kakisa Lake could be influenced by 
such factors as the light absorption properties of the water column, 
nutrient conditions, and rates of loss of nutrients and plankton in the 
outflowing water. 

A minor short-term increase in color and a slight compensating 
long-term decrease in turbidity from non-living sources has been pre- 
dicted for a regulated Kakisa Lake and thus it seems unlikely that major 
changes in the light absorption properties of the water would occur. 
Reduction in outflow at the time of breakup, when nutrients are normally 
at their highest levels (Table 8), should decrease loss of nutrients to 
the lake and increase their availability to lake phytoplankton in the 
spring. Perhaps more important, reduction in spring and early summer 
outflow, and could allow a more rapid buildup of the plankton population. 
Lowered summer out-flows might also reduce the total summer loss of 
plankton to the outflow and increase the amount of organic material re- 
tained in the lake system, especially during wet and normal years. In 


dry years, this effect should be somewhat less pronounced. 
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Thus, there is reason to believe that impoundment and flow regula- 
tion could actually increase annual production of plankton, and could also 
increase the percentage of this production retained in the lake system. 

Decreasing summer flows should have an effect very similar to that 
of a decreased annual flushing rate. The importance of the effect of 
flushing time has been reported by Rawson (1960b, 1961) and has been dis- 
cussed earlier in this paper in the section on Lake Productivity. 

Improved conditions for plankton could increase the frequency and 
intensity of plankton blooms. The biological significance of increased 
plankton blooms in a constantly agitated lake such as Kakisa is not clear. 
No adverse biological effects were observed during the widespread light 


bloom* conditions that occurred under natural conditions in August of 1972. 


Bottom Organisms 


Bottom Organisms of Rocky, Gravelly and Sandy Littoral Areas 


Since the lake should not be drawn down any lower under regulation 
than under natural conditions, winter drawdown should have no adverse 
effects on the present rocky littoral. Higher summer levels may result 
in some increase in deposition of silt and organic material in the present 
rocky littoral which could cause some faunal shift but would be more 
likely to raise rather than to lower productivity in those areas. 

Newly-flooded former terrestrial environments should have at 
least short-term potential for high productivity because of the inclusion 
of terrestrial organic material in aquatic environments newly-formed by 
flooding. However, the potential might not be fully realized because of 


* plankton clearly concentrated at surface but not forming continuous 
cover on water surface. 
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winter drawdown, whichwould freeze overwintering organisms. Grimas (1961) 
found that there was a reduction of 70% in the regulated zone of Lake 
Blasjon in northern Sweden. He found that all major groups were greatly 
reduced in number by the effects of winter drawdown. Only the chironomid 
tribe Tanytarsini contained species capable of overwintering in the ex- 
EEemefconditionseot pthe frozen bittoral, and, .of this, tribe, .onlyythe 
species Paraktefferiella bathophilia was successful in the drawdown zone. 
The ability of all other groups, including large aquatic insects, crus- 
taceans, molluscs and oligochaetes, to endure frozen conditions in the 
littoral was low to non-existent. 

In Kakisa it is possible that one or two species of chironomids 
would have the ability to overwinter in the vegetated littoral. Most 
other possible colonizers would likely perish during the overwintering 
period. It is also likely that mobile animals such as crustaceans and 
some of the large insect larvae may migrate into newly flooded areas 
during summer. However, natural propagation is unlikely to occur be- 
cause of winter drawdown and a new wave of colonization would have to 
occur each year. 

It is unlikely that flooded shoreline areas of glacial till will 
remain productive summer habitats for indefinite periods of time. Wave 
and ice erosion should eventually remove the fine mineral and organic 
particles, creating rocky and sandy shore areas as unproductive as those 


presently existing. 


Bottom Organisms of the Vegetated ibaljere@rei it 


There is extensive documentation (Frohme, 1938; Berg, 1949; 


MacGaha, 1952; Rosine, 1955; Grimas, 1961, 62, 64, 65; Smirnov, 1959) 
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that the vegetated littoral is responsible for a level of production of 
aquatic invertebrates out of proportion to its contribution to total lake 
area. In Kakisa Lake, this region produces a great abundance of amphi- 
pods, caddisfly larvae, small mayfly nymphs, beetle, dragonfly and mayfly 
larvae, water bugs, cladocerans and copepods. Many ispecies are not. <com- 
monly found outside the vegetated zones; others are found outside the 
vegetated zones, but in greatly-reduced numbers. 

The discussion on the effects of hydro development on aquatic 
vegetation indicated high probabilities of both reduction in areal extent 
and stem density of aquatic vegetation. Organisms found in the vegetated 
littoral are either totally dependent on vegetation or else derive major 
benefits from it. Each loss of an aquatic plant is, in effect, a loss 
of a certain definite area of available substrate for the organisms 
associated with the plant. The relationship between available substrate 
and number of animals is fairly direct, so it is not a gross oversimpli- 
fication to state that the percent reduction in the total number of 
animals of the vegetated littoral would very closely correspond with the 
percent reduction in the number of aquatic plant stems. 

From the previous discussion on the effect of hydro development 
on aquatic vegetation, it would not be unreasonable to expect a 50% re- 
duction in areas occupied by aquatic vegetation and a 50% reduction in 
stem density in the remaining area for Scheme C in the median year. This 
situation would result in a 75% decrease in the total number of aquatic 
plant stems and likely a similar reduction in the organisms associated 
with them. This analysis does not even take into account the possibility 
of a total crop failure of aquatic vegetation which could happen from 


time to time with Schemes B and C. Such an event could cause instability 


yitzam baa yitvagath ,sisa 
-mon Jon e716 aatasqe yas - : 


oil3 sbtesjvo boot ats e1stto 
ered) 

sidsups 0 sa5mqolsysb oxi oo fo moteavoarh sd? 9” 
jnetxs fesxs nt aotjaubs2 od Aa sbightrandea taht ‘Bosaarbat cotiazegev 
betssogsv axel bavol ‘entakasgx0 .nolts34qav Sizsuphs to y3leneb mete bas 
vofem ovizvab sels to nofiejegey ao ansbasqsb yilsioj wags sae Is7073tE 
enol s ;togiis no! .2at Inel¢ otinupa ik to Ssol doce .2f mott-esttsned 
awetnspyo sft 401 otardadue sidalieva Jo sox sainlteb nked1é9 8 %0 
ssaxiedve sidaiiovs asewisd) gidedot inden it ater ots dilw bedatooges 
—Eigqmiarsyo 2a0%g 5 jon el 3b on ,jJosrlb yiate? ei alemtns 20 s9dmue ba 
io tadrum teges ada nk roFs subst Unsaxey aft ied overe of soltest? 
aia dittw bnoqesrios visaols yrev bibew fetosiht baiategav ede Yo° efantns 


‘amaze Jnpiq oiaeupe 20 aredmut eds at nobjowbet Ingots 

insmqofaved orbyd In 4957te ‘ent ne deragistis) eubWorn odt wo17 
—9r X0@ se t5ants of aidetocsoxni ad soft Bivperat aoc 3a58qeu"5t taupe ‘nD 
at mokisubor S02 n ae Rin putea en belt 


akdT +189" no tbomoifs! nh o" 


oF 


in both aquatic plant and aquatic invertebrate communities for several 
years, and would likely cause further decreases in productivity. 

Although Scheme C would create a considerable increase in shallow 
water areas in the 0 - 1 m range, harsh winter conditions of freezing and 
drawdown would likely limit summer productivity in those areas, especially 
when distances from unfrozen winter refuges are great. 

In summary, fairly conservative predictive assumptions indicate 
strong likelihood of major reductions in the vegetated littoral fauna of 


Kalketca a lbalkcer 


Bottom Organisms of Silt-Bottomed Areas 


Impoundment is likely to cause a shoreward shift of the presently- 
existing pattern of sedimentation, and an increased rate of sedimentation 
that could, in turn, cause a slight decrease in dissolved oxygen at the 
mud-water interface, but would be unlikely to cause significant changes 
in dissolved oxygen in the water column. It appears very unlikely that 
changes in the silt-bottomed areas would exceed the environmental toler- 
ances of either of the dominant Hexagenta and Chtronomus species. Two 
species of Hexagenta (H. limbata and H. btlineata) flourished in Lewis 
and Clark Reservoir under conditions of heavier siltation and greater 
oxygen fluctuation than in Kakisa (Swanson, 1966). The tube-building 
Chironominae are reported to be able to withstand very low levels of dis- 
solved oxygen (Oliver, 1971). It is highly unlikely that they would be 
adversely affected by the small environmental changes in the bottom sedi- 
ments caused by impoundment and regulation. 

If substrate conditions control the competitive positions of 


Hexagenta and Chtronomus, a shoreward shift in the existing pattern of 
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siltation might allow Chtronomus to expand into areas formerly occupied 
by Hexagenta and might force Hexagenia into a smaller area of Suitable 
substrate {Tables 39 and 37). If on the other hand, the higher densities 
of Hexagenta in the shallows are related to ovipositing habits of emerged 
adults (Swanson, 1967), impoundment would have no foreseeable effect on 
Hexagenta. 

Impoundment could conceivably benefit production in the lake 
System since greater retention of plankton could increase the detritus 
food source for both Hexagenita and Chironomus. In the very long term, 
of course, this type of productivity increase would also hasten the rate 


of eutrophication of the lake. 


Bottom Organisms of Slow-Flowing Rivers 


Since it appears unlikely that the depth added to the slow- 
flowing rivers would be sufficient to eliminate aquatic vegetation it is 
equally unlikely that there would be a major qualitative change in the 
river fauna. However, a reduction in stem density of rooted aquatics 
could bring about a corresponding decrease in biomass of the associated 
fauna. In streams with dense aquatic vegetation, such as those found 
in the Kakisa area, river plants provide a much greater area of available 
substrate than does the actual streambed. Therefore, thinning out of 
the vegetation constitutes a reduction in available substrate. 

The probability of substantially thinning out the rooted aquatic 
vegetation appears relatively high for Scheme C where depths of rooted 
aquatics would be close to their maximum depth tolerance of 3 to 4 ft 


(9.75 to 13.10 m). The thinning out effect of Scheme B might be much 
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less, and if so that scheme would constitute much smaller disturbance 


than Scheme C. 


Bottom Organisms One Werelailaiag: IRatwerte 


An upstream shift in the zone of sediment deposition in the 
mouth of Tathlina River could cause some faunal shifts in the area of 
the river influenced by lake levels. The area involved is not great and 
the existing invertebrate fauna appear meager on the basis of analysis 
of stomach contents of fish caught in the area and on the basis of 
casual collection. Therefore, effects of changes to the Tathlina River 
bottom fauna should have only a slight effect on the total lake eco- 


system. 


Bottom Organisms of Kakisa River Upstream of Dam 


Settling of silt and plankton overflow from Kakisa Lake in the 
reach of the Kakisa River above the dam should bring about radical changes 
in the properties of this part of the stream. Conditions should deteri- 
orate for the fast-water, rock-inhabiting forms presently in the stream 
while conditions for filter-feeding clams could improve considerably. As silt 
and organic detritus start to accumulate, there should be a major expan- 
sion of the chironomid fauna. Once the present rock bottom becomes 
coated with an adequate amount of silt, it is highly likely that the 
burrowing mayfly Hexagenta could establish itself and gradually increase 
to a very high density over a number of years. Swanson (1967) documented 
an expansion of Hexagenta to a very high number in Lewis and Clark Reser- 
voir. He concluded that small, relatively-shallow impoundments located 
on silt-laden river systems appear to provide excellent habitat for 


burrowing mayflies. 
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The major factor limiting establishment and expansion of 
Hexagenta above the dam is the possibility of thermal stratification and 
attendant low dissolved oxygen at the mud-water interface. 

Development of high populations of chironomids, clams and bur- 
rowing mayflies could provide good feeding opportunities for fish from 
the lake. At the same time, development of high bottom populations of 
chironomids and burrowing mayflies could result in swarms of emerging 
adults which might annoy visitors to the Lady Evelyn Falls area. Swarms 
of Hexagenta are a major problem in the Mississippi River region (Frem- 
ling, 1964). Suber (1954) and Fremling (1960) found that impoundments 


increased the available habitat for Hexagenta. 


Bottom Organisms of Kakisa River Downstream of Dam 
a ees NI Vver Yownstrean or Dam 


In the second year, construction should result in low flows, high 
turbidity and heavy sedimentation. Low flows and high turbidity might 
also result in elevated river temperatures. The present stream fauna is 
adapted to conditions of swift flow, moderate temperature and clean 
gravel and rock substrate. Thus, the fauna appears to be highly suscep- 
tible to the types of disturbances that should occur. A number of species 
might be unable to survive those disturbances. 

It is likely that recolonization would take place in the river 
below the dam, once the silt accumulated on the river bottom is flushed 
out, after project completion. Recolonization might be a rather 
slow process, however, since the continuity of the fauna of the Kakisa 
River drainage system is interrupted by Kakisa Lake. The lake likely 
provides a formidable barrier which discourages the fauna of Tathlina 


River from colonizing Kaktsa River. 
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It is also possible that even sensitive species might not suffer 
total mortality, and small pockets might survive to recolonize the stream. 
AMftinal possibility is that effects of siltation on the bottom fauna 
might decrease with distance downstream from the construction site. 
Since stream invertebrates with both flying and non-flying adult phases 
continually colonize upstream environments to offset the effects of 
downstream drift (Hynes, 1970, pp 155 and 268), this type of recoloniza- 
tion is very probable. 

Once the fauna is reestablished, it appears unlikely that the 
former level of productivity would be sustained, since considerable 
nutritive losses would occur because of settlement of organic material 
behind the dam and reduction of plankton and detritus overflow from the 
lake, and consequent loss of both a direct source of food and a source 
of nutrients. Lowered productivity of bottom organisms in the river, 
caused by reduced plankton supply, is the corollary of increased produc- 


tivity in the lake caused by increased plankton retention there. 


Fisheries 


Spring Spawning in Inflowing Streams 


Even with slightly reduced stream velocities in spring, it seems 
unlikely that settling of silt and organic debris fine enough to damage 
eggs of spring spawners would occur. Lower spring stream velocities 
could reduce the amount of scour that takes place, however. In addition, 
reduced stream velocities, especially during mid and late summer, should 
promote greater silt accumulation. As a result a greater accumulation 
and reduced scour of silt, certain spring spawning areas, which are only 


marginally suitable under natural conditions and which depend upon 
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spring scour for maintenance, could conceivably become unsuitable under 
lake level regulation. Lt is difficult te predict how widespread that 
occurrence might be because there are no quantitative data available on 
flow and sediment transport. 

In most of the slow-flowing streams, there should be adequate 
vegetation for successful pike spawning. Flooding of emergent vegetation 
may create some new spawning areas. 

Stickleback, which also have a vegetation requirement for suc- 


cessful spawning, should also be able to maintain spawning areas. 


Spring Spawning in Kakisa River 


aed fe Bepee levels and curtailment of high spring flows may 
accelerate siltation in the outlet area. At present, large areas undergo 
siltation. It is reasonable to expect that with lower velocities and 
less fluctuation in velocity, this phenomenon will become more widespread. 
It appears that the outlet area is used as a spawning area for white 
suckers and spottail shiners, and likely for other species as well. 
Siltation should have some detrimental effect on spawning of those species 
in that area. 

The project could cause spawning problems downstream of the pro- 
posed dam site. During the first year of construction excavation along 
the river banks could catise siltation, but it may be possible to prevent 
total mortality of eggs if extreme care is taken to avoid unnecessary 
removal of vegetation, unnecessary road construction and careless excava- 
tion and dumping. Flow cutbacks and construction in the river channel 
in the second year of construction would seriously threaten the survival 


of eggs and fry. It may be possible to take some steps to reduce the 
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impact of siltation, but it would nevertheless appear that the combina- 
tion of low flow and high turbidity and sedimentation might cause heavy 
and perhaps even total mortality of eggs and fry during the second year 

of construction. Spawning problems during the second year of construction 
should be particularly acute for arctic grayling which are characteris- 
tically found in clear water (McPhail and Lindsey, 19703) p 127). 

Once the project is completed, it should be possible to maintain 
spring spawning in Kakisa River. Since the plant is to be designed for 
continuous, rather than peaking, power, adequate flows would usually be 
provided under normal operating conditions. As long as downstream flows 
are managed to prevent exposure of riffles and to prevent temperature 
fluctuations exceeding maximum naturally occureing fluctuations, it 
should be possible to avoid major problems. This would require provi- 
sion of compensatory flows during shutdowns or major cutbacks. 

The success of future spring spawning might be affected by the 
degree of damage caused to the adult populations of fishes during the 
construction period. There is reason to suspect that walleye and pike 
form permanent resident populations in the stream in view of the rather 
formidable barrier that fast water at the river ford prevents to upstream 
migration. Longnose suckers were just barely able to pass this barrier 
in spring, largely because they could hold on to rocks with their mouths. 
A pike found near shore in the ford area, when frightened from its re- 
fuge into the current, was instantly swept downstream. Walleye would 
probably fare only slightly better. Bishop (1967) also suggests that 
there is a resident population of sub-adult (less than 6 year old) arctic 
grayling in Kakisa River, and that lack of catch success after late June 


is caused by a change in feeding habits which makes the lures used by 
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fishermen unattractive to the fish. Thus it is seen that there is 
considerable potential for damage to stocks of adult and sub-adult fish 
of all major species, including the much-sought grayling, during the 
second year of construction. 

Spring delay in warmup of Kakisa River could cause some delay in 
spring spawning. Alternatively, spring spawning might be reduced just 
downstream of the power plant discharge and might gradually become more 
prevalent downstream as river temperature rises because of heat exchange 
with the air. Spawning delays could result in poorer fish growth in the 
first summer of life and could thus contribute to poorer overwinter 
survival. However, there is no question of delayed warmup of the river 
causing catastrophic changes in fish populations because all the major 
spring-spawning species have distributionsextending to and beyond the 


Arctic Circle where breakup occurs very late. 


Fall Spawning in Kakisa Lake 


It has been seen that for the period of record, Scheme B causes 
an average of 1.3 ft (0.49 m) and Scheme C causes an average of 1.4 ft 
(0.43 m) more drawdown than Scheme A. Maximum difference in drawdown 
(Table 37) is 2.3 ft (0.70 m) between Scheme B and Scheme A (1967-68) 
and 3.3 ft (1.01 m) between Scheme C and Scheme A (1969-70). Average 
hniteatndrawdowneise/23.9eftaGg220.66rm)dforesSchemesAgt/24570fte( 220660 m) 
for, scheme B and 726.1 ft (221.31 m) for Scheme C. In the confirmed 
Spawning areas that were examined, suitable spawning substrate did not 
usually exist below elevation 716 ft (218.23 m). However, along the 
south shore, towards the west end of the lake, possible spawning areas 
as low as elevation 712 ft (217.01 m) were found, but spawning was not 


confirmed. 
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Assuming that the lower limit of spawning remains fixed, Schemes 
B and C increase the average vertical extent of available spawning areas 
by 0.8 ft (0.24 m) and 2.1 ft (0.64 m), respectively, by raising the 
upper limit of spawning. However, with higher average water level, sedi- 
mentation could occur on parts of the existing hard bottom and could 
raise the lower limit of spawning. If this occurs, spawning areas might 
actually be reduced, because the shallow zones of the lake would shrink 
in area (Table 36 and 37) after water levels were raised. 

Precise information on the depth distribution of spawning products 
of lake whitefish and ciscoes is not contained in the biological litera- 
ture. Most descriptions of whitefish spawning are enecdoral and generally 
indicate spawning on rocky or gravelly shoals. Indirect evidence of the 
probable distribution of whitefish and cisco spawning products can be 
inferred from incubation studies on the two species. Price (1940) found. 
that normal incubation of whitefish eggs required a temperature range of 
0.5 CG (32-9°F) to 6.0-C (42-58°F), with an optimum temperature of 0.5°C. 
Thus there is strong evidence that optimum conditions for survival occur 
just below the ice sheet in shallows of lakes or in streams. Length of 
timesot 50, hatch decreased trom 99.14 days at,0.5 G tou/3.9) days: at 
2aC 3 5e65n) eto, 50.03 -days.at 4°G) 039.25"). “Thusteitiistseen that very, 
small changes in temperature caused marked shortening of egg development 
time. 

Bidgood (1973) speculated that selection favors those whitefish 
that spawn in shallow water, because incubation temperatures less than 
2°C are required to prevent whitefish from hatching under the ice (at a 


time of zooplankton scarcity) in the Alberta lakes (Buck and Pigeon) he 
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studied. The temperature situation could be even more critical in 

Kakisa Lake, because ice cover lasts about 6 weeks longer. If whitefish 
in Kakisa have similar temperature-incubation period characteristics as 
those of Pigeon and Buck Lakes, temperatures of approximately 1.5°C 

might be required for successful reproduction. With an under-ice thermal 
gradient of approximately 0.8°C/m (0.44°F/ft) (Fig 5), the viable zone, 
according to the criteria of Bidgood, would extend down approximately 

2m (6.56 ft) below the bottom surface of the ice sheet. Since winter 
drawdown under natural conditions averages 1.8 ft (0.55 m), it can be 
seen that each additional foot of drawdown could freeze out a substantial 
proportion of viable whitefish eggs. However, even the largest antici- 
pated drawdown of 4.2 ft (1.28 m) is unlikely to freeze all viable eggs. 
It should be noted, though, that drawdowns much larger than those antici- 
pated could occur in future if deliberate attempts are made to use up 
carry-over storage when runoff predictions for the spring are favorable. 
If this were to be done, all eggs in the viable zone could be frozen 

and killed. 

Colby and Brooke (1973) found that ciscoes developed normally 
within a temperature range of 2°C to 8°C (35.6°F to 46.4°F), with optimum 
development at 5.6°C (42.1°F). The study also showed that 90% mortality 
occurred at incubation temperatures of 0.5°C (optimum temperature for 
whitefish). This suggests that favorable spawning beds for ciscoes in 
Kakisa would occur at greater depths than those of whitefish and conse- 
quently might not be greatly affected by slight increases in overwinter 


drawdown. 
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Fall Spawning below Lady Evelyn Falls 


During the second year of construction, the silt-producing 
activities at the construction site could have some adverse effect on 
downstream whitefish spawning areas near Beaver Lake. If the main silt- 
producing operations were terminated by early September, and if large 
flows were paSsed downstream at that time, it might be possible to remove 
accumulated sediments prior to spawning (mid September. Field observa- 
tions of the condition of spawning beds might be desirable before such 
measures were taken. 

Once the project is completed, normal operation of the turbines 
should result in more than adequate flows to preserve incubating eggs 
near the river mouth. In the event of extended winter shutdowns, freez- 
ing of spawning gravels might occur. It should be possible to combat 
this situation by providing a small compensatory flow approximating those 
winter flows naturally occurring under unregulated conditions in an aver- 


age year. 


SUEVEEVicllMAnCmGhOwW ch hOilettShminexacical bake 


i) General. Quantitative prediction of changes in fish populations 
caused by hydro development is a problem of overwhelming complexity. 
Techniques for the analysis of phenomena of population dynamics, asso- 
ciated with subtle changes in the environment, are not sufficiently 
developed, for systems involving large numbers of species, to be of any 
use for predictive purposes. 

In the present situation, one is limited to the approach of des- 


cribing changes to major components of the system and pointing out, in 


subauborg-site 
no Jostis setevbhs smoz | 
- - ein 
“Ilka ane sit tI he 


ogra 2 bas saan row anol3sxego gatsuborg: 
syvoma1 ot oldkeaoq sd sidan iat pee sent sit ssw ewolt 


~syyoedo blett .tedimsaqee bkm) awh wage of Tolyq stnemtbss boteLumoos 


gonkdivd ofa to, eg hewaate temton cbo2staniog at ‘Siti lis ala pee 
aggo Bet secion? avaseo3q od anol? sseupabe ned3 svon ot dfvaet bivodes 
-sso1t ,snwobsuide reiniw bebassxe, 2) Answs re al -fdsom re 


: a ee oa a 


tadinon 04 sldbeeog od biinite sr russe “niga stovesg sakavome Aorgat 

a gntiem 2 yrotsersqmoa Lieme motsaus 
9e0d3 gntisa xonggs wolt yrotee feqmoo ‘Et ; 8 gasbhvora vs _ieee 
“Tavs 76 ak enolgibros beisivgsiey isbal gaivsuose ylierssm awolt) teaatw 
’ A oY » : ‘ i 
| -Tssy 935 


srettetanen Het? nt asgdsio to se tgs Siac: stamage> A hs 
tes baie anintorwrave to oe wa seh ohncand iaieeis said 


soere seobisath notssiugog to% 
vltnbioltine tor 218 . oe eh iy 


vis to ad ot ,a9tosqe Jo aaetin sso 


~e9b to Hsoxqge 943 03 nn 
at «tu9 gatanteg no nosey ae 


— ; f 
- Uy er Pen 7 - - — = 7 oe ee - 


108 


a very general way, how these changes might affect other components of 
the system. 

The writer has concluded that impoundment and regulation could 
cause two significant changes to the lake ecosystem. First, there is 
strong evidence for a significant reduction of aquatic vegetation. 
Second, there is the possibility of causing some disruption to success- 
ful spawning, especially to fall-spawning whitefish and ciscoes. Of the 
fall-spawning species, the cisco is likely one of the most important 
species of the food chains of the lake, since it is an efficient conver- 
ter of energy, being a plankton feeder, and is also the principal prey 


species of walleye and pike. 


ii) Survival of Fry, Subadult and Forage Fish. In the descriptive 


first section of this paper, it was pointed out that there is a strong 
association of juvenile walleye, pike, whitefish and white suckers with 
the vegetated littoral of the lake. It would also seem likely that the 
vegetated littoral areas are important habitats for fry and forage fish, 
although systematic collection of data to prove this has not been made. 
Reduction of the vegetated littoral should significantly reduce the food 
supply for fry, subadult and forage fishes. 

Reduction of food supply and area of habitat for subadult fish 
could through lowered growth rates delay their recruitment into the adult popu- 
lation. It could also reduce the numbers recruited into the adult popu- 
lation. It is not clear that lowered recruitment necessarily means a 
reduction in the commercial value of fish taken. At present, it appears 
that recruitment in Kakisa Lake is high, since growth rates are generally 


low, relative to indicators of productivity such as weight of catch per 
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"standard gang", weight of bottom organisms per unit area and weight of 
plankton per unit area. Therefore, lowered recruitment could conceivably 
improve growth rates, resulting in fewer but heavier marketable fish, 
provided food supply is maintained. 

Of the forage fish, the stickleback is likely the most heavily 
dependent on aquatic vegetation, particularly during the reproductive 
phase. Ciscoes on the other hand have virtually no obligatory dependence 
on the vegetated littoral, being gravel spawners and mainly planktonic 
feeders. Chub and spottail shiners are also gravel spawners, but appear 
to derive significant nutritional benefits from the vegetated littoral, 
and are somewhat intermediate between sticklebacks and ciscoes, as far as 
requirements for aquatic vegetation are concerned. 

The cisco, the chief prey species of walleye and pike, could on 
the one hand suffer reproductive problems from increased water level 
fluctuation and on the other hand could benefit if zooplankton in the 
lake increases, caused by restriction of outflow in early and mid summer. 
Since the magnitudes of both the possible detrimental and possible bene- 
ficial effects of development on ciscoes are extremely difficult to pre- 
dict, it is very hard to say whether the detrimental or beneficial effects 


would predominate. 


iii) Survival and Growth of Walleye and Pike. During the first 


Vearlor Lwosot elite, walleye in Kakisa Lake appear to remain in offshore 
areas well away from the vegetated littoral. Efforts to secure speci- 

mens near shore by seining in late June and early July were unsuccessful. 
This is consistent with the results of Priegel (1970), who found walleye 


to be pelagic during the first year of life. 
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However, walleye were found concentrated near vegetated areas 
during the subadult phase. Therefore, it would appear that growth and 
survival during that phase (approx 2 - 6 yrs) may be strongly linked with 
the properties of the vegetated littoral. Shrinkage of that zone could 
cause reduction in growth rate and/or reduction in recruitment to the 
adult population. As pointed out earlier, a numerical reduction of the 
adult population need not imply a decrease in the value of the commercial 
fishery, since growth rates of survivors could increase to supply as many 
or more kg/ha. 

Adult walleye seem to have very little dependency on aquatic vege- 
tation. They range the lake freely, usually seeking out the pelagic cisco. 
Annual production of marketable walleye might thus be strongly tied to the 
continued success of the cisco, which could potentially be either benefi- 
cially or adversely affected by the development. 

Both fry and subadult pike seem to be much more strongly tied to 
the littoral than walleye. The presence of extensive shallows in Kakisa 
may explain the exceptionally good growth rate of pike in their first few 
years of life. Reduction of vegetated areas should have some effect on 
pike recruitment. Young pike might be more adversely affected than young 
walleye by reduction of the vegetated littoral. This could conceivably 
improve the competitive position of walleye to some extent. 

Adult pike, like adult walleye, ranged throughout the lake in 
search of ciscoes as evidenced by catch records and food analysis. They 
should not be as strongly affected as subadults by reduction in the vege- 
tated littoral, although they might, like walleye, be sensitive to popu- 
lation changes of ciscoes. 

Both pike and walleye should be sensitive, to some degree, to 


changes in growth rates and/or population sizes of other prey species, 
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such as troutperch, sticklebacks and chub. Since these prey species 

seem to derive at least some benefits from the vegetated littoral, it 

is not unreasonable to suspect that reduction of the littoral could affect 
them and in turn affect piscivorous walleye and pike that feed upon them. 

A simultaneous decline in ciscoes, troutperch, sticklebacks and lake chub 


would almost certainly reduce production of walleye and pike. 


iv) Survival and Growth of Whitefish and White Suckers. Lawler 
(1965) stated that whitefish are usually found in the deep areas of lakes, 
and that there is generally a migratory movement away from shore in spring 
and towards shore in fall. It would appear that, in such cases, whitefish 
are following a favorable temperature zone. Reckahn (1970) claimed that 
whitefish fry in lake Huron follow the 17°C (64.4°F) isotherm throughout 
summer. 

In Kakisa Lake, there was no concentration of whitefish in 
deeper areas of the lake. Some of the largest specimens taken in mid- 
summer were in very shallow vegetated areas, especially in the west end 
of the lake. It is possible that, in the isothermal Kakisa Lake, white- 
fish have no opportunity to exercise temperature preferences, and there- 
fore show no depth-selection. Feeding data (Fig 11; Appendix VI) 
indicate that organisms from the vegetated littoral and from 
vegetated river areas constitute an important part of their diet. Re- 
duction in the vegetated littoral and thinning of aquatic vegetation, 
could result in some reduction in total annual whitefish production. 

There was a definite concentration of subadult whitefish in 
river and vegetated littoral areas. These areas appear to be the major 


rearing areas and reduction in extent and density of 
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rooted aquatics could affect growth and/or recruitment into the adult 
population. 

Greater variability in spawning success caused by increased 
overwinter fluctuations could also have an effect on recruitment. 

Both subadult and adult white suckers were found almost exclu- 
sively in vegetated areas. Fry were also heavily concentrated in those 
areas, although they were also found along rocky shores. The diet of 
subadult and adult white suckers consisted mostly of forms inhabiting 
the vegetated river and lakeshore areas. Only very large adults were 
found feeding outside the vegetated zone. Thus, it can be seen that 
white suckers show a general affinity for the vegetated areas of the lake, 
and it is possible that they would be adversely affected by reduction 
of those areas. 

Siltation of the outlet area could cause a substantial loss of 
spawning area for white suckers that could conceivably affect adult 
population levels. 

Damage to white sucker population could conceivably benefit white- 
fish population because both species are competing for similar food re- 


sources. 


Survival and Growth of Fish Downstream of Dam 


Reduced flow and heavy siltation, caused by construc- 
tion in the second year, could put severe stress on adult fish as well 
as on fry and eggs. It is quite possible that heavy mortality of adult 
fish could occur. Adults may be capable of tolerating high turbidity for 
one season, but the combination of high turbidity and low flow could 


prove lethal. Provision of the highest possible flows during construction 
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could alleviate the problem to some extent by diluting the turbid flows, 
by preventing temperature excesses and by providing high levels of dis- 
solved oxygen. 

Serious damage to adult population in the river would retard 
recovery of the fishery after the project was finished. Resident popu- 
lations of walleye, pike and possibly subadult grayling would appear 
more susceptible to damage than longnose sucker and lake whitefish which 
only use the Kakisa during spawning. 

Restriction in flow and heavy siltation of the second year of 
construction could have adverse effects on the natural bottom fauna. It 
might take a number of years for the bottom fauna to recover from the 
shock of the construction period. During the period of recovery, the 
supply of fish food could be considerably reduced. 

Since the downstream supply of plankton is apt to be restricted 
by impoundment, the direct supply of this material to fry fish, the supply 
to bottom invertebrates and thence to larger fish, and the nutrients 
supplied through decomposition are likely to be reduced. Thus, there 
could be some long-term decrease in fish productivity in the Kakisa River, 
downstream of the dam. 

If care is taken to prevent downstream environmental shocks, it 
should be possible to restore, qualitatively at least, the natural fish 


and invertebrate fauna. 


Waterfowl and Shorebirds 


Early Spring 
Ice blockages in the outlet area, caused by obstruction of the 


normal free flow of water and ice floes, could greatly impair the utility 
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of the outlet area as a feeding zone for ducks and shorebirds in spring. 
Impoundment of Kakisa River to the level of Kakisa Lake would make most 
of the stretch of river between the lake and the dam too deep for feed- 


ing ducks. 


Summer Breeding Season 


Munro (1967) attributes abundance of nesting sites for ground- 
nesting ducks to the number of areas created by interspersion of emergent 
vegetation and small bodies of water. Munro's description of excellent 
duck nesting habitat coincides quite closely with a description of 
terrain to the wast of the lake. The chief limiting factor on the utility 
of that area for duck nesting is the possibility of high early summer 
lake levels, which can cause flooding of already established nesting sites, 
even under natural conditions. Impoundment of Kakisa Lake should cause 
this type of flooding to become a certainty rather than a possibility. 

There could be some nesting activity along the newly estab- 
lished western shoreline of the lake. However, available habitat appears 
to be much less than under natural conditions. Moreover, nesting sites 
in those areas would be very susceptible to small variations in water 
level. 

The eastern shore of the lake is not as suitable for ground 
nesters as the western shore. Most potential sites occur along river 
banks and on rivermouth islands. Little River, with low banks, could 
experience extensive flooding of nesting sites. Sites on the islands 
in the mouths of Muskeg and Tathlina River should suffer total inun- 
dation, although those sites do not appear to have nesting populations 


of any great significance. Along Muskeg River only nesting sites 
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located in the low-lying willow vegetation on the inside of meanders 
would be affected. 

Tree-nesting sites close to rivers could also suffer from the 
effects of impoundment. However, if a few of the large trees killed 
by impoundment are left standing it might be possible to preserve nest-— 
ing areas for goldeneyes, at least on a short-term basis. There is also 
evidence (Cowardin et. al., 1967) that mallards are capable of using 


tree and stump-nesting sites in areas of flooded forest. 


From the waterfowl point of view, it might be worthwhile to set 
aside small areas of mature dead trees for nesting sites. However, this 
may be aesthetically objectionable to some, and could cause other problems 


‘later on, such as floating logs in the lake. 


Late Summer and Fall 


High water levels in late summer and fall would totally inundate 
the two points in the west end of the lake used as fering areas for 
migrating geese. They were observed to be the only areas near the lake 
heavily utilized by Canada geese. 

Reduction in aquatic vegetation throughout the lake would not 
likely affect waterfowl use because even under conditions of reduced 
aquatic vegetation, there would likely be a surplus. Even if a total 
crop failure of rooted aquatics occurred in the lake, there would likely 
be fairly substantial amounts of rooted aquatics in rivermouths and in 


the outlet area. 
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Rare Predatory Baas 


Some of the tall nesting trees near shore, used by bald eagles 
and ospreys, could be killed by the inpoundment scheme. It is not 
known whether this would have any immediate short-term effect. Birds 
would probably continue to occupy the nesting trees for several years 
after the trees died, if they were left standing. Eventually, 
the birds would be forced to move some distance away from the water in 
to new nesting trees. It is not known what effect these types of dis- 


turbances have on eagles and ospreys. 


Burbearers 
Beavers 


All of the good beaver habitat west of the lake, which is capable 
of supporting at least six permanent colonies would be flooded. Most 
willow vegetation along Little River would be killed by higher sustained 
water levels. On Muskeg River most of the willow on the inside of 
meanders should be killed but substantial areas of aspen should remain 
Intact. 

Beaver colonies in the west end of the lake would be subjected 
to severe conditions of water level fluctuation. Their bank lodges or 
bank burrows would be flooded throughout the spring and summer. Beavers 
in Little River and in the mouth of Muskeg River should be subjected 
to similar problems. Only the beaver houses located well upstream on 
the Muskeg River would be unaffected. 

In view of the certain event of extensive habitat destruction 


and the likely event of unfavourable water level fluctuations, it is 
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quite possible that beavers would be eliminated from the west end 


streams and at least from the lower reaches of the east end streams. 


Other Furbearers and Small Game 


The areas immediately adjoining the lake have higher species 
abundance of plants and greater production than the black spruce muskeg 
which dominates the larger area. Consequently, productivity of small 
herbivores, such as snowshoe hares, spruce grouse, red squirrels, mice 
and voles should be greater in those areas than in the black spruce mus-— 
keg. Populations of predatory furbearers, such as lynx, mink, marten 
and weasel, should be correspondingly high. Elimination of many of the 
more diverse habitats found around the lake and deterioration in the 
quality of much of the remainder should have some adverse effect on 
the populations of furbearers. 

The muskrat is not exceptionally common around Kakisa Lake, 
possibly because of scarcity of protected shallow water areas with exten- 
sive emergent vegetation. Under impoundment, shallow water areas may 
increase, as the low lying areas in the west and along PiAttLe Raversare 
flooded. Thus potential habitat could increase. However, sites suit- 
able for houses or bank burrows might not increase accordingly. In 
addition, winter drawdown should adversely affect survival in newly- 
flooded areas. Therefore, there may be no increase in the muskrat 


population, and decreases are even possible. 


Big Game 


Moose 


Fither Scheme B or C should kill virtually all willow vegetation, 


the principal winter browse of moose, in the vicinity of Kakisa Lake. 
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As a result, the ability of the area to support moose should be impaired. 
Flow regulation could prevent spring flooding of low willow 

area around the mouth of Kakisa River and could conceivably 

allow succession to aspen and white spruce to take place. That stretch of 

Kakisa River is suitable for overwintering moose, and succession to more 

mesic species would reduce its suitability over time. The dynamics of 

the area are not clearly understood, however, since they have been inves- 


tigated primarily by aerial reconnaissance. 


Wolves and Bears 


Damage to productive areas near the lake should cause at least 
some reduction to the food supply of bears and wolves, and could have 
some adverse affect on those species. However, total destruction of wolf 


and bear habitat would not occur, in contrast to the case of such animals 


as beavers. 


Aesthetic Considerations 


Damage to Vegetation 


The most severe aesthetic impact on the area would be damage to 
terrestrial vegetation, which would be particularly unappealing if dead 
trees and brush were left standing. 

The low-lying wetlands in the west end of the lake are particu- 
larly attractive, in the writer's opinion. The nature of the area would 
be radically altered by raised water levels. Streams would be drowned 
out and widened to become extensions of the lake, riverbank and lakeshore 


tree communities would be killed and sedge meadows would be flooded. 
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The pleasing vegetation along Muskeg River and Little River 
would suffer significant mortality as would tree vegetation in low-lying 
rivermouth areas of Muskeg River and Tathlina River. Trees on deltaic 
islands on Muskeg and Tathlina River would be very heavily damaged. 

Many large mature trees of the north shore and of parts of the 
east shore would be killed, in many cases back to the boundary of the 
muskeg. 

The net effect of damage to terrestrial vegetation would be a 
general deterioration of the scenic appeal of the area. If trees were 
not removed, the effect would be particularly dismal. 

Scheme B results in significantly less area of vegetation damage. 
However, the aesthetic impact of the damage would be as serious as that 
of Scheme C, when viewed from the water, if dead trees were not cleared 
away. If clearing were practiced, Scheme B could have significantly 


less aesthetic impact than Scheme C. 


Flooding of Geomorphological Features 


The impoundment scheme would also result in the loss of some 
aesthetically-pleasing geomorphological features. The scheme would in- 
undate the Kakisa River valley above the falls. The river valley it- 
self is very attractive and in addition, a picturesque set of cascades 
is found just a short distance above the falls. Although a 
less imposing geomorphological feature than Lady Evelyn Falls, the 
cascades would be considered by some people to be equally appealing. 
Other geomorphological features which are less imposing, but nevertheless 
attractive, are the deltaic islands of Muskeg River and particularly 


of Tathlina River that would be almost totally flooded by 
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Scheme C and rather heavily flooded by Scheme B. Similarly, the sandbar 
points of the west end of the lake would be totally flooded by either 
scheme. 

The three streams in the west end of the lake would be drowned 
out by raised water levels and would lose most of their stream-like 
qualities. They would become, for all intents and purposes, arm-like 
extensions of the western part of the lake. Little River would also be 
similarly affected, but not quite to the same extent as the western 
rivers. 

Finally, beach areas, which normally become exposed along the 
north shore and parts of the south shore during summer, would remain 
inundated throughout summer. This may be only a small 
aesthetic consideration for many people, but may be valued somewhat more 


by others. 


Wildlife and Wilderness Values 


The project would definitely downgrade Kakisa Lake as a wildlife 
area. Such a disturbance can be though of as a serious aesthetic impact. 

Because of the disturbances caused by raised water levels and 
because of the presence of hydro-electric structures and power lines in 
the Kakisa River area, the appeal of the Kakisa region as an area of 


semi-wilderness would be considerably reduced. 


Construction Damage 

The project could require extensive excavation for fill, clearing 
of timber and building of construction roads in the Kakisa River area. 
Much of the damage created during construction could be semi-permanent 


and could be construed as a loss of aesthetic appeal. 
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If water levels of the lake were not adequately controlled during 
the second year of construction, flooding of land above design full 
supply level could occur. Such flooding could cause unnecessary damage 
to tree communities and wildlife. It should be possible to avoid such 
damage by making provisions in the contract specifications for special 


construction procedures in the event of a wet year. 


Human Ecology 


Since hunting, fishing and trapping constitute a way of life 
for the people of the Kakisa Lake area, it is obvious that changes 
involving fish and wildlife or access to these resources could affect 
local residents. 

Ice in the outlet area could interfere with spring waterfowl 
hunting, which is strictly-speaking illegal, but which is generally 
recognized as a traditional right and an important source of dietary 
variety. Ice could also delay boat access to fishing areas during the 
major fishing season on Kakisa Lake. Higher water levels should cause 
a general deterioration in hunting and trapping in the immediate 
vicinity of the lake. 

Impairment of hunting around the lake may be an important con- 
sideration for native people. Impairment of trapping may also have 
some effect, but this effect may be damped by the fact that most furs 
are taken in areas quite distant from the lake. 

After impoundment, the fishery will be subjected to more unstable 
environmental influences than before impoundment. It does not appear 
that those influences would result in a major decline or collapse of the 


fishery. However, some impairment is possible. It seems unlikely that 
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the level of impairment that might be suffered would be felt by local 
people at the present level of exploitation of the fishery. However, 
the effects could come into play at a possible future higher level of 
exploitation, under more intense management. Thus, damage to the fish- 
ery is unlikely to cause losses of standard of living under present 
conditions, but could conceivably affect the ultimate potential income 
derived from the fishery. 

Apart from purely economic considerations, local residents, 
whose entire lifestyle centers on pursuits closely linked with their 
natural environment, could suffer a rather acute loss of enjoyment of 
their immediate environment if visible damage occurs. 

Perhaps most significantly, disturbance caused by cons- 
truction personnel and by a sudden and short-term increase in avail- 
able income, could be very upsetting to the social order of the village. 
The local residents would enjoy no lasting benefits from employment on 
the project. Such short-term employment at fairly high salary rates 
may only make it more difficult to return to the previous way of life. 

In the long-term, tourism may benefit local residents more than 
short-term gains in income resulting from development. However, develop- 
ment of the hydro potential of the area could have some adverse effect 
on tourism, because of the aesthetic impact and possibly because of the 
impact on the sport fishery. 

The sport fishery in the Kakisa River, though perhaps not a major 
one in terms of .biomass of fish, is nevertheless cherished by residents 
of N.W.T. and tourists alike. Although the project is unlikely to elimi- 
nate this sport fishery, a decline could occur in the first few years 


after completion of the project and long-term productivity may be lowered. 
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Raising the water level of the lake should cause at least three 
recreational benefits. Raised water levels would make access to the lake 
simpler and less hazardous, by deepening the channel out to the lake and 
by reducing the density of aquatic vegetation in the channel. Similarly 
navigation near shore would be easier. Finally, deeper water in Tathlina 
River would provide much better boat access to a very attractive area of 


rock formations and rapids about a mile up the river. 
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SUMMARY 


General Description of Kakisa Ecosystem 


1. Kakisa Lake is shallow (mean depth 3.8 m), warm (18 - onde in summer) , 
isothermal, near-eutrophic and high in dissolved oxygen (near saturation 
year round). 

2. Except for the high escarpment along the south shore, the land sur- 
rounding the lake is generally low in relief and the lake is subject to 
strong wind-action. 

3. Turbidity of the lake is high and color is moderate. Of the streams 
associated with the lake, only Tathlina River is markedly turbid. 

4. Shores are generally rocky, sandy, gravelly and are noticeably un- 
productive. Most of the lake @5%) is silt-bottomed. 

5. Aquatic vegetation covers approximately 13% of the lake and is con- 
centrated in the east and west ends of the lake in water less than 3 m 
deep. Aquatic vegetation is dense in all streams other than Tathlina 
River, where it is totally absent. 

6. The fauna of silt-bottomed areas of the lake is dominated by the 
large burrowing mayfly, Hexagenta limbata and the large tube-building 
chironomid, Chtronomus (probably plwmnosus). Hexagenta cominates in 
shallow areas, whereas Chtronomus dominates in deeper parts of the lake. 
Both genera are found in all silt-bottomed areas of the lake. 

7. The fauna of vegetated regions, especially rivers, is much more 
diverse and abundant than the fauna of silt-bottomed areas. 

8. Standing crop of plankton is moderate. 

9. Walleye, pike, whitefish and white suckers are the major large fish 


species in the lake. Ciscoes are by far the most important prey species 
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in the lake. Troutperch are important prey species during their spawning 
runs near Tathlina River in spring. Nine-spine stickleback are consis-— 
tently consumed throughout the summer. 

10. Whitefish and ciscoes are heavily parasitized by the cestode Trtaeno- 
phorus crassus. 

11. Subadult fish of the four major large fish species are concentrated 
in areas of rooted aquatic vegetation. 

12. Whitefish and white suckers derive significant nutrition from inver- 
tebrate organisms from vegetated areas. 

13. Major spawning of walleye was observed in the Muskeg River, and this 
stream appears to be their major spawning stream whereas pike spawned in 
all vegetated streams. White suckers appear to spawn heavily in Kakisa 
River near the lake, in Tathlina River and possibly in Little River. 
Muskeg River seems to be a minor spawning stream for white suckers. 
Tathlina River is an important spawning stream for troutperch and is 
likely important for spottail shiners and lake chub. 

14. Major spawning areas for fall spawning whitefish and ciscoes are 
along the rocky shores of the lake. Tathlina River is the only inflowing 
stream used by fall cawmiers) 

15. Large walleye and pike are almost exclusively piscivorous and range 
throughout the entire lake at all depths. Smaller walleye and pike have 
a larger invertebrate component in their diet. 

16. Large white suckers are found mostly near river mouths in vegetated 
areas. Large whitefish are frequently found in those areas but are also 
found regularly in deeper areas. 

17. The downstream fishery consists of arctic grayling, walleye, pike 


and longnose suckers. Walleye and pike probably have resident populations. 
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Grayling and longnose suckers migrate up Kakisa River to Spawn. There 
are indications that a population of subadult grayling is resident in 

Pheer iver. 

18. Spawning of grayling downstream of the Falls seemed to occur between 
May 15 and June 1. Spawning of walleye, pike and white suckers occurs 
Mainly after June 1. Spawning of those species in Kakisa River was one 
to two weeks later than in the rivers flowing into Kakisa Lake, probably 
because of lower water temperature. 

19. Growth rates of walleye and whitefish are in the low to middle range 
of those of the Saskatchewan lakes studied by Rawson, but are higher than 
growth rates for Great Slave Lake. Growth rates of pike are very good, 
especially in the first two years of life, when they exceeded those in 
every Saskatchewan take Studied by Rawson. 

20. Standing crop of fish as measured by "Standard gang" catch, averaged 
87.4 for 29 net sets. This "standard gang" catch is higher than those 

of all but one of the Saskatchewan lakes studied by Rawson. 

21. Kakisa Lake is as productive as the mesotrophic lakes on the margin 
of the Shield in Saskatchewan (La Ronge, Amisk) studied by Rawson. 

22. The most productive wildlife habitats are found at the east and west 
ends of the lake in the vicinity of the slow, inflowing streams. They 
are the only available habitats for beavers and waterfowl in the general 
vicinity of the lake and they also contain virtually all available moose 
habitat. Productivity of herbivorous animals in the low-lying habitats 


at the east and west ends of the lake is probably of significance to lynx, 


marten, mink and weasel and of marginal importance to bears and wolves. 
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Probable Environmental Effects of Hydro Development 


1. Raised water levels would create extensive areas of dead willow, 
aspen and white spruce, which would constitute at best an aesthetic loss, 
if the dead vegetation were removed, and at worst a major eyesore and 
fire hazard (trees killed by water table effects), if dead vegetation 
were left standing. Damage to lakeshore and riparian trees, in terms of 
linear miles, would be extensive. Thirty-five to 40 mi (64 km) of lake- 
shore trees and at least 20 mi (32 km) of mainstem riverbank trees (40 
miles if both banks are counted) could suffer mortality. 

2. Most good wildlife habitat in the Kakisa Lake area occurs in areas 
that would be adversely affected by raised water levels and damaging 
water level fluctuations. Wildlife would be affected both by destruction 
of vegetation and by the direct adverse impact of flooding and water 
level fluctuations at critical times of the year, such as the overwinter- 
ing and reproductive periods. Most affected would be beavers, waterfowl, 
moose, snowshoe hares, and small mammals. Predators, including all 

major furbearers, should also be affected. 

3. Use of the Kakisa area by migrating waterfowl would be affected by 
deepening of the Kakisa River spring-feeding area for ducks and by inun- 
dation of the fall-staging area for Canada geese on the points in the 
west end of the lake. 

4. As viewed from the water, aesthetic impact of Schemes B and C would 
be about equal, if no clearing were practiced. With clearing, Scheme B 
would have less adverse aesthetic impact than Scheme C. 

5. Areal extent of damage to vegetation and wildlife would be signifi- 


cantly greater with Scheme C than with Scheme B. 
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6. Reduction of high spring flows could reduce the extent of spring 
floods on Kakisa River, making conditions less favorable for willow and 
more favorable for aspen and white spruce in the lowest reaches of 
Kakisa River near Beaver Lake. This could eventually eliminate an area 
of winter browse for moose. 
7. Blockage of the downstream passage of lake ice by impounding struc- 
tures could delay lake breakup. Obstruction of the outlet area with 
ice could reduce its utility to spring waterfowl. Delay in breakup of 
the lake could reduce annual production in the lake. Percent reduction 
could be as much as 10 - 15 % per week delay in the optimal productive 
period around summer solstice. In years of early (May) lake breakup, 
percent reduction in annual production would be substantially less. 
8. Higher water levels would reduce the area of the littoral, shallow 
enough to support aquatic vegetation. In the median year of record, this 
reduction would have been approximately 30 - 40% for Scheme B and 50 - 
60% for Scheme C. In a year when maximum storage potential is realized, 
such as would have occurred in 1965, reduction in area of vegetation would 
have been 50 - 60% for Scheme B and only slightly more for Scheme C. 
Increased winter drawdowns should also decrease the areal extent 
and density of rooted aquatics. Total crop failures appear possible 
when a year of maximum drawdown is followed by water levels, near full 
supply level, in the following season. 
9. Increases in water levels should not be sufficient to prevent growth 
of rooted aquatics in reaches of streams affected by lake levels, with 
the possible exceptions of Little River and River 2, but they could cause 


thinning out of aquatic vegetation. 


to aotlonax Jaswos aT be hb sousge aptite bon. foqes) x0t ¢ c | se 

Sots of Sdentmtle ¢lfawineve. bIvoe aol Joa t9vSo@ Yeon seve setter 

» eee -so00m 108 sword seanie' 86 jan 

~ourte arti bayoqut vd got ote t te Suenin mebestichiols Pr to sgsdvola .% ; 

djiw sets Jefsuo iia 10 nottouxed@ +quiserd oan yelsb blues asm | 

to qufeetd at yalad iene pore of VitLtIn att soubor blvoa sot 

notdoubes taste? sist sits ol dobjouborg hasainit! scaadiiees bives eisi eds 
svitouborq. Iam = sit at cositales wag x eu - Of ae doum es sd biluos 
-quisord solsl (yam) yviaee to. argey aa .sotteios yvomme bovots.bokzsq 
.saaf yilepiasdedue se bludw.motidubetd “heseetyen) nokiouhor) Insotsg 

wollede ~lexovstt belt in sors od soubex sans afevel w9IAW asdath oS: 

aids ebroost jo reer tetbhar odd at nokiedonaer oLssups Jroqaua OF dggons 

~ 02 base a are soF SON SOE: iisiemixorqgs asad eved bivew gottoubsat 

,bosiiesr 3 faijasior ygsvods mnim F vessan Lbahe mst 6 wl 42 smorin? toh 208 

bluow nobiteisgsv Io sste ai aob tudes hey ag bsarzu.00 sven bivow as sloue’ is 

es arkdioe Yo ston elated fe ulate bre a smedoe rot Oe ~.02 nood sved 

tnodxe Ssete add senotosh ovale bluodte iid t9d.nbw pemetonys | Legal 

atdtedea tesgqe estults? gow Apdo .aptdaupe bedoor 20 xotamob bat 

btut Then ,afsvel srstew yd bewon tea se owsdive xh mumbosm to msy & ss tae 

. miso gaibwolto ots mt lewal x 

diworg Insvarq oF tnetatitve od ton ‘Bhutone stove: istw mt ae 

ddiw .elevel oael yd bordeaia: masse 20 ieekenmupaatee 
seuso bivos word dud eo Yovke = semicon 


1) 


10. Reduction in density and extent of rooted aquatics should cause a 
corresponding reduction in the associated rich and abundant invertebrate 
fauna. 

11. Reduction in organisms in vegetated areas could reduce annual 
production of fish such as whitefish and white suckers, which derive 
significant nutrition from that food source. 

12. Reduction in organisms from the vegetated areas could affect annual 
production of troutperch, sticklebacks, spottail shiners and lake chub 
which probably derive a significant portion of their nutrition from those 
areas. Those species are in turn utilized by piscivorous walleye and 
pike. 

13. Rate of growth and/or recruitment into the adult population of sub- 
adult walleye, pike, whitefish and white suckers could be retarded by 
shrinkage in vegetated littoral habitat. 

14. Annual production of large, marketable walleye and pike, which do 
not depend on any zone of the lake, and which range the lake freely in 
pursuit of ciscoes and other forage fish, could be affected if declines 
in ciscoes occurred in the lake. 

Declines in other forage fish, particularly troutperch and stickle- 
backs, could also affect annual production of walleye and pike, though 
not to the same extent as declines in ciscoes. Simultaneous declines in 
ciscoes, troutperch and sticklebacks would very likely have an adverse 
effect on, productivity of walleye and pike. 

15. Reduced summer flows could decrease losses of plankton from the lake 
and thus increase productivity. This could counteract to some extent 


other tendencies toward reduction in productivity. This effect could 
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also accelerate the process of eutrophication. However, such phenomena 
arewdiiricult to squantity.. 

16. Spring spawning of gravel-spawners in Muskeg and Little Rivers may 
be affected by higher water levels, resulting in heavier sedimentation 
and less scour. Some presently marginal areas may become unsuitable for 
gravel spawners. A major reduction in gravel spawning areas by this 
mechanism is not anticipated, as spring flows should undergo velocity 
reductions of only 15 - 20% in most cases. Drowning out of the mouth 

of Little River may affect spring spawning in the area. 

17. Increased overwinter water level fluctuations should cause greater 
exposure of beach spawning areas to freezing and desiccation. However, 
generally higher water levels should increase the vertical range of suit- 
able areas available in the fall. This may offset to some extent the 
effects of greater drawdown. However, the lowest elevation of suitable 
substrate may rise with raised water levels. Prediction of the effect 
of greater drawdown on fall spawners is made difficult by the fact that 
no quantitative data on the depth distribution of spawning products of 
whitefish and ciscoes is available in the literature. At present it 
appears unlikely that the small amounts of additional drawdown proposed 
would cause total spawning failures, but they could conceivably increase 
the variation in year to year spawning success. 

From the point of view of damage to fall spawning, there appears 
to be little difference between Scheme B and Scheme C. Scheme C could 
conceivably cause less damage than Scheme B, because minimum winter 
water levels would be higher, while the amount of overwinter water level 


fluctuation would be the same as for Scheme B. 
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18. Use of carry-over storage to generate additional power, when high 
spring runoffs are anticipated, could greatly increase damage to eggs 

of fall-spawners and to winter buds and tubers of rooted aquatic vegeta- 
tion. 

19. Restriction of flow and heavy siltation of Kakisa River during the 
second year of construction would be almost certain to cause heavy mor- 
tality of eggs and young-of-the-year of spring-spawning grayling, walleye, 
pike and white suckers. Mortality of adult stocks and bottom fauna 

would also be a definite possibility. Damage to subadult and adult stocks 
of resident fish would persist for a number of years, as would 

damage to the present invertebrate fauna. Although adult grayling migrate 
upstream to spawn, and thus probably do not form a et dene population, 
there is evidence that subadult grayling form a segrated population, 
resident in Kakisa River. Therefore, damage to grayling, caused by flow 
restriction and turbidity, could adversely affect not only the young-of- 
the-year class but also a subadult grayling population up to 6 years Old. 
20. Under careful flow management, it is likely that the downstream 
fishery would eventually recover after the project is completed. Pro- 
ductivity of the fishery might be reduced somewhat, because of reduced 
summer outflow of plankton from the lake. 

21. Local residents, whose economy is centered on fishing, hunting and 
trapping, would suffer some loss of hunting and trapping, and would 

likely suffer loss of enjoyment of their immediate environment. Because 
trapping activities are so wide-ranging, the hydro scheme would affect 
less than 20% of productive trapping areas. Loss of hunting could 

be a more serious consideration, since considerable hunting effort is 


expended in the immediate area of Kakisa Lake. 
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Damage to the fishery would not likely be felt at the present 
level of exploitation, but should be felt if the fishery were more in- 
tensively managed and exploited. 

22. Aesthetics, wildlife and fisheries damage could adversely affect 

use of Kakisa Lake region by area residents and tourists. 

23. Predictions of environmental effects have been based on the assump- 
tion that water levels can be controlled both during construction and 
after the project is completed. If full supply level cannot be controlled 
under all possible circumstances, damage to vegetation and wildlife could 
be more severe than indicated in this paper. 

24. Table 29 summarizes probable magnitudes of environmental impacts of 
Scheme C. This assessment is based on the assumption that all feasible 
steps would be taken to avoid unnecessary environmental damage. 

Magnitude of impact refers to the effect of development on the 
particular resource being considered, regardless of magnitude of that 
resource. Thus a serious impact on the resource of minor occurrence is 
rated as serious. A comment is made in such cases as to the magnitude 
or importance of the resource to put the rating given into proper per- 
spective. It should be pointed out that moderate or even light impacts 


on the commercial fishery can be significant in terms of dollar value. 
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RECOMMENDATIONS 


1. Scheme B is recommended over Scheme C on the basis that it would 
cause less damage to terrestrial vegetation, wildlife and aquatic vegeta- 
tion. It should be noted, however, that fall-spawning conditions may 

be slightly better under Scheme C than under Scheme B. 

2. An upper storage limit, which would not cause permanent damage to 
lakeshore and riparian tree communities, should be considered as a develop- 
ment alternative. Such a scheme would involve approximately 4 ft (1.22 m) 
of usable storage and would be less economical from the power production 
point of view. However, it would be more compatible with other uses 
presently being made of the lake. Such a scheme would be more aestheti- 
cally pleasing and would minimize damage to wildlife habitat. 

A more careful evaluation of this scheme would necessitate a 
detailed vegetation and soils survey, involving precise levelling and 
mapping, and perhaps a more careful consideration of the requirements of 
fall spawners. 

3. In general, the aesthetic, navigational and fishing drawbacks of 
leaving dead brush and timber standing in flooded areas seem to outweigh 
the biological advantages. It may be desirable, however, to leave aside 
small areas of standing dead timber for waterfowl nesting sites. In 
general, trees will have to be cut flush with the ground in flooded areas 
to prevent them from being hit by boats and motors, since the water in 
most flooded areas containing trees will be less than three feet deep. 

4. Care should be taken to avoid excessive disturbance of plant cover 
and root systems of trees, especially in areas of organic peat soil, to 


minimize the rate of soil erosion and to minimize dislodgement of floating 
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peat debris. This can be best achieved by carrying out tree-clearing 
operations in winter, when the soil is frozen. 

5. It is not desirable to cut trees above full supply level until it is 
certain that they are being killed by raised water table. It is not 
known how far back the effects of raised water table would extend. Trees 
that are killed could be removed by local people as the need arises. 

Such an approach would provide some degree of long-term employment and 
would be instructive in demonstrating the effect of raised water tables 
in northern Canadian environments, a subject about which little is known. 
6. Measures should be taken to ensure that the design full supply level 
is not exceeded, either during construction or during operation of the 
reservoir, so that unnecessary damage to terrestrial habitats is avoided. 
This would imply a design provision for passage of larger tnanreantve.— 
pated flows in the second year of construction, if it became evident that 
the lake was about to back up above design full supply level. It would 
also imply that design of spillway structures should be sufficiently 
conservative to ensure that flooding above full supply level was extremely 
rare and of very short duration. 

7. Adequate downstream flows should be provided to allow continued suc- 
cess of the downstream fishery in Kakisa River. This would involve 
measures to protect eggs and fry as well as the adult resident and tran- 
sient population. Gravel bars should not be exposed by prolonged shut- 
downs. Adequate flows should be provided to prevent rapid rise in tem- 
peratures and resultant temperature shock to all life stages of fish in- 
cluding, eggs and fry. Care should also be taken to prevent sudden re- 
lease of cool water if downstream water were to become warmed during a 
power cutback. A temperature maximum for water downstream of the turbines 


should also be imposed. 
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Operating rules to prevent stranding and temperature shock should 
be established for the power plant. Flow minimums can be established 
experimentally by observation of flows necessary to cover gravel bars and 
riffles. Rules for maximum rate of change of temperature and maximum 
allowable temperatures can be established by observation of natural tem- 
perature phenomena in the unregulated river in years of normal flow. It 
may be useful to place a number of recording thermographs in various 
deep and shallow areas of Kakisa River in the near future, before the 
river is impounded. 

8. A minimum safe winter flow should be established to cover cases of 
extended winter shutdowns. The primary considerations would be to pre- 
vent freezing of spawning gravels in the mouth of Kakisa River near 
Beaver Lake and to protect resident fish and invertebrate populations 
throughout the river. Winter flows occurring in a normal flow year, 
without regulation, would probably be a safe and conservative criterion 
for an operating rule for winter flows. A more accurate assessment of 
the situation might be obtainable from field observations and measurements. 
9. Strict precautions against siltation of the river should be exercised 
during the first year of construction, to minimize undesirable environ- 
mental impacts. 

The nature of construction in the second year Cinee. "aLastic 
flow cutback, dumping of fill directly into the river, and excavation of 
riverbed material) should make it very difficult to entirely prevent 
damage to the downstream fisheries. However, some protective measures 
are possible to reduce the impact of the more damaging operations. For 
example, the building of the cofferdam could be scheduled for April. ee 


the date of cofferdam construction were advanced, it might also be 
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possible to carry out the more damaging phase of main dam construction, 
which involves dumping fill directly into the river, in late April and 
early May. In addition, excavation work in the outlet region could be 
carried out almost any time in late winter or early spring, since the 
outlet remains open year round. Scheduling of the more damaging con- 
struction procedures earlier in the season would cause the greatest 
siltation effects to occur before, instead of during the spring spawning 
season, as would happen under the existing construction schedule. 


Another measure, that might be effective in combatting the ad- 


verse effects of siltation, would be to pass the largest feasible down- 
stream flow during the second summer of construction. This is recom- 
mended because higher flows would dilute the silt leat prevent settle- 
ment of suspended particles, increase oxygen supply and reduce dangerous 
temperature fluctuations. 

10. It would be advantageous to allow high flows as soon as the project 
is completed. This would flush accumulated sediments from the stream 

and would allow the stream system to return to its natural state as quick- 
ly as possible. It is possible that some bottom organisms, adapted to 
swift-flowing conditions, and much of the fish fauna might survive the 
severe conditions placed upon them during the summer period of heavy con- 
struction activity. A quick return to more normal’ conditions may im- 
prove the recovery chances of such survivors and hasten the overall re- 
covery of the stream system. 

11. Construction procedures to minimize siltation, erosion, dangerous 
flow cutbacks, and general environmental damage to both river and lake 
environments should be written into the contract specifications to mini- 


mize conflicts and confrontations during the actual construction period. 
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12. A qualified environmental inspector should be on site during con- 
struction to ensure that environmental stipulations in the construction 
contract are adhere to, and that minimum disturbance to the terrestrial, 
lacustrine and fluvial environments occurs. This inspector should re- 

port to an agency, independent of the principals involved in completion 

of the project. He should have "on the spot" authority to stop work if 
procedures contrary to contract environmental Stipulations occur. 

13. A study of possible changes in ice dynamics upstream and downstream 

of the dam should be carried out to clarify the implications of impacts re- 
lated to ice phenomena. This study should include a statement on the pos- 
sible extent of ice cover upstream and downstream of the dam, the possibil- 
ity of ice blockages in the outlet area during late ee May and early 
June, and the probable magnitude of delay in breakup of the lake as the re- 
sult of flow restrictions on the outlet river. A study to determine the 
probability of stratification in Kakisa River upstream of the proposed dam 
should also be undertaken. 

14. Accurate predictions on changes in spawning areas in parts of streams 
affected by lake levels would require additional data on stream velocities, 
cross-sections, suspended particle loads, substrate composition and bed loads. 

Prediction of possible upward shift in the silt-bottomed areas of 
the lake, which would affect the area available for fall spawners, would re- 
quire extensive data on lake turbidity and patterns of settlement and re- 
suspension. 

Prediction of siltation rate in the stretch of Kakisa River up- 
stream of the dam would also require rather comprehensive data on flow 
velocity and turbidity in the outlet. 

All the above questions are of biological significance. However, 


they were beyond the scope of the present study. 


er ; 

“seo qnéwh ate ao wt 
agtaqurzane> orf at ana: 
‘ latadesries sia 03 


: a : ‘ale 


ee ot 
sokjgelqmon ni tovinynt a 3o 3 


2 tow qode od yates <r ko huwada 0 esc 
19990. SHotInlugisa tsraaanesvas, tanrsneco oe ema, 
meetienwob bne mesidaqu Bokmegyb sat at aognioits oidi2s0g do wane ABE 
~ox etosqut io enoissakignt ody yitvel> 63 tuo bytes ad, bluode sb are 
-20q afd no inSast%exe « abufont Giana nbaze, ekdt henapraty pare oo basa 
“[kdiaaoq sd .mab ai to canes taawet Bue mabey xen apt To rao oldie 
¢ixpa baa «aM vetinan ook gubanb nas sotauo ad3 ni aogedcold sot tea xat 

-91, 98) an ofal uns To cules nt “Bob de: Sbo2 bngam sidedesa ada. baw, renal 
afd Snberegsb o3 ybuze A .a9vit galsjup Si fo aaobtnisseas wot, 30 alls 
neb besaouorg 943 to mauTIe2q0 TavViA Bebdssonk goktnoltiaasdp, to Bele 
naked r9b09 pecs 

aggaxiz Yo efteq ni yoors gainwege GE = See ane 0S pastmpph, oi | 
satitsolsy meorsz2 ao stab iequlvthbs sadugex bivow eleva! ode ed Rasaete 
.ebeol bed ban dotot=oqnos sanysedual,mbnel otskexsq babasqeue eiccatar lS 
Yo ene1e bemossod-3ite spit ai Fda Exieqy skdieeng io apheOlhATs, tite 
-ox bluow ,stonwaga Iiei 102 +t: sa 920, sae, 
~st bos Inomslvie® 2d ennosiag | naa T 5 


-st blwore xzod99centk ott 


h 
ca 
7 
\ 


fo 


138 


The desirability of further work to obtain such information 
depends on the value placed on the biological resources affected by 
Siltation phenomena. Therefore, if more reliable predictions of the 
effects of the project on spring and fall spawning and on faunal develop- 
ment upstream of the dam are required, flow-turbidity - sedimentation 
studies are recommended. 

15. If greater certainty is required concerning the effects of winter 
drawdowns on fall spawning success, it is recommended that a diving study 
be undertaken. This appears to be the only feasible way of obtaining 
reliable information as to the depth distribution of spawning products 
and survival of eggs on various substrates. 

16. A program of regular monitoring of Kakisa Lake and surroundings 
should be instituted in order that an adequate record of the variability 
of biological and physical parameters of the ecosystem can be obtained 
prior to impoundment. Such a program could include temperature, turbid- 
ity and sedimentation measurements, and the securing of water, plankton 
and bottom samples from fixed sampling stations. Stations could be set 
up in such a way that a sampling run could be accomplished in one day. 
It should be possible to hire a local person to carry out the sampling 
procedure on a regular basis (say twice a month in the ice-free period 
and once a month in the iced-over period). 

It would also be advantageous to start systematically recording 
date of breakup on the lake and its inflowing and outflowing streams. 
Annual mapping of the maximum extent and stem density of rooted aquatics 
would also provide information which would be invaluable in follow-up 


assessments. 
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17. Environmental impact studies have little value if predictions made 
are not tested after the project is completed. A major goal of environ- 
mental impact studies should be to learn from mistakes, so that such 
mistakes can be avoided in future projects. Therefore, if the proposed 
project is carried out, post-impoundment monitoring, to check the valid- 
ity of predictions made in the present study, is strongly recommended. 
Such phenomena as the effects of small water level fluctuations on ter- 
restrial and aquatic vegetation and on spawning success of spring and 
fall-spawners are not well-documented for northern Canadian environments. 
Since post-impoundment readjustment is a long-term process, a 
long-term, low-intensity monitoring program should give a greater InLoOn 
mation return per dollar than a high-intensity, short-term program. 
However, it should be drawn to the reader's attention that the small 
size of the hydro project could also make it an ideal pilot research pro- 
ject for both intensive and long-term study. Such intensive research 
has been carried out for several small lake reservoirs in Sweden and the 
results have been fruitful. 
18. <A follow-up economic assessment of the project also seems desirable. 
This point has been forcefully expounded by Day (1972) who critically 
examined the costs and economic benefits of three small water resource 
projects in Ontario, several years after completion. He found in all 
cases that predicted benefits had been greatly overstated and predicted 
costs had been greatly underrated, to the extent that highly favorable 
predicted benefit-cost ratios proved grossly inaccurate, and actual 


benefit-cost ratios were in fact considerably less than one. 
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Water chemistry of Kakisa Lake and associate streams, 1972. 
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Table 29. Social and economic information related to land use by 
residents of Kakisa Village. Basic statistics are for 
summer of 1972. Estimates of fishing and hunting levels 
are for an average year. Fishing and trapping income and 
dollar value of locally-consumed animal resources are 
based on 1972 prices. 


ee eel (56 iene! 2 Bh te 


A. Native Population 


T_T, Basicestatistics 


Number of residents 43 
Number of inhabited cabins 8 
Number of family units é 7 
Number of men under 65 15 
Number of women under 65 8 
Number of men over 65 4 
Number of women over 65 4 
Number of children rm 
Number of dog teams approx. 910 
Number of sled doges approx. 70 
Number of small snow vehicles (Skidoos) el 
Number of canoes and boats BppPEOks) alu 
Number of outboard motors approx. 10 
Number of cars and trucks 6) 
Area of watershed utilized (sq mi) approx. 3000 


Tio eCrosseannual earned income* from animal resources 


i. Kakisa Lake (Kakisa watershed below mouth 
of Tathlina River 


- fishing (approx. 32,000 1b @ $0.38/1b) $12,160 
- trapping (approx. 304 of annual harvest) 900 
Total S13 000 


ii. Tathlina Lake (Kakisa watershed above mouth 
of Tathlina River 


- fishing (approx. 20,000 1b @ 505367 lb) S97, 000 
- trapping (approx. 70% of annual harvest 2,100 
Total $ 9,700 
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Gross equivalent value** of animal resources consumed locally 


at 


Liv. 


Kakisa Lake 


Dog food (56 dogs @ $90/dog/year) 

Moose meat (2 moose/year @ $300/carcass) 

Fish for human consumption (4000 1b @ $1.00/1b) 
Ducks, (100 .@ $1.00/bird) 

Geese (25 @ $4.00/bird) 

Hares (200 @ $2.00/hare) 

Spruce grouse (50 @ $2.00/bird) 


sontacials 
Teveluilisime, iLeWkeS 


Dog food (14 dogs @ $90/dog/year) 

Moose meat (18 moose/year @ $300/carcass) 

Fish for human consumption (1000 1b @ $1.00/1b) 
Ducks (400 @°S1.00/bird) 

Geese (100 @ $4.00/bird) 

Hares (100 @ $2.00/hare) 

Spruce grouse (25 @ $2.00/bird) 


Worl 


Woeedk wre ILICI 


$ 5,040 
600 
4,000 
100 

100 

400 


100 


$10,340 


Sa O57 L0 


SLR 050 


Totaltorelieand’ 111 S430 


B. White Population 


i 


Basic statistics 


Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 


Number 
Number 
Number 
Number 
Number 
Number 


of 
OL 
of 
of 
of 
of 
OF 
of 


of 
of 
Oe 
of 
of 
of 


residents 
inhabited cabins 
family units 
men under 65 
women under 65 
men over 65 
women over 65 
children 


dog teams 

small snow vehicles (Skidoos) 

large enclosed snow vehicles (Bombardiers) 
boats 

motors 

cars and trucks 


approx. 
approx. 
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Table 29 (continued) 


ee eee eee 2 ee 


II. Gross annual earned income* from animal resources 
i. Kakisa Lake 


Fishing (9000 1b @ $0.38/1b) S135 420 
Tota. 5155420 


if a) batwlina Lake 


Fishing (50,000 1b @ $0.38/ 1b) $19 ,000 
Total $19,000 


Tota leof) lL $225420 


TII. Gross equivalent value of animal resources 
(consumed locally per year) 


Miscellaneous fish and game S 300 


Totaleor Le and bil woe 2em20 


Tt eg i eee eee ee ee 


*Net income substantially lower than gross income. Costs of 
transporting fish by surface from kakisa Lake are 5¢ per lb. Airy, trans- 
portion costs from Tathlina Lake are 10¢ per lb for a full plane load 
and much higher for a partial plane load. In future, income from fishing 
should rise dramatically because of world shortages of anamalpprotein. 
Pike are now (in 1973) economically exploitable. White and longnose 
suckers should become economically exploitable within one or two years. 
Fur prices have risen slightly since 1972 and the market appears strong 
into the indefinite future. Price rises, however, should not be as 
dramatic as for animal protein. 


**Equivalent value calculated from purchase price (1972): Of “an 
equivalent protein supply from local retail stores. Quantities of 
animals consumed are subjective estimates based on observation of hunt- 
ing and fishing activity over a seven-month period. It should be 
emphasized that estimates of the values of fish and wildlife consumed 
locally is only approximate, and is presented only for the general 
orientation of the reader. These estimates should not be construed as 
a detailed or accurate account of the value of these resources. It 
should be pointed out that the extremely rapid inflation in meat prices 
since 1972 is quickly pushing up the value of locally consumed animal 
resources of the area. 
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Table 39. 


Summary of Environmental Impacts 
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Environmental Aspects under Magnitude 
Consideration Cause of Impact of Impact 
3 
4 
L = Light impact a 
M = Moderate impact mie a Comments 
5 = parece impact } g r A 5 
LM = Light to Moderate impact s 8 ci e, <q F u 
ee = Moderate to Severe impact Ups g AS S ae Se 
? = Impact unknown ney. Repay | bg a b= eet Gos 
P = Positive effect yp VH YD qo oU0 UM Ud 
OD Ae ON eo! = ses dad @ a 0 
O = Neutral effect Su ou > G&G O @) (eh (eyus) Tey 
oU @Y HH WW “of 8 oS 8 9° 
Ot MH FA HM MH Hd HH 
Terrestrial Vegetation 
Willow Damage 
West End X S) ) ) 
E 
ee ss S 5 2 Virtually all available 
Aspen Damage wildlife habitat; also 
Weeternd x s S S aesthetic consideration 
East End xX tS) S S) 
North Shore xX L S) L 
Spruce Damage Primarily an aesthetic 
North Shore X Ue S° & tebe ss 
Aquatic Vegetation 
Reduction Lake Aquatics Reducesalakesproduction; 
West End xX xX M L MS reduces food and habitat 
East End X X MS L MS for sub-adult and forage 

Reduction River Aquatics M LM MS Si si) depends en) Beni 
tude of storage and 

jee amount of drawdown 

Delay of Lake Breakup X M M MS Affects lake productiv- 
ity and human activity. 

Ice Jamming Outlet x MS M MS Affects waterfowl and 
human activity. 

Water Temperature 
Less Daily Temperature Fluctuation 
in Lake xX B (0) 12 

Slower Freezing of Lake Xx @ O P 

Slower Spring Warming of Kakisa River xX M IM 16) Lowers annual production. 

Greater Temperature Fluctuation of 

of Kakisa River xX Xx L L (0) Provided adequate summer 
flows. 
Erosion Turbidity Sedimentation 

Shoreline Erosion Xx xX LM M LM 

Long Term Decrease in Turbidity xX 12 12 D May increase phytoplank- 
ton slightly. 

Increased Sedimentation of Lake xX xX ? ti ? Could increase annual 
production, but could 
hasten eutrophication. 

Siltation of River Spawning Gravels x M 10) M Effect proportional to 
silt load of stream. 

Siltation of Fall-Spawning Areas x M O” Ms 

Siltation of Kakisa River Upstream 

of Dam X 2 é ? Faunal shift; possible 
increased production; 
possible insect ‘swarms. 

Siltation of Kakisa River Downstream 

of Dam X s S M Short-term effect pro- 


vided after construction 
to remove silt accumula- 
tion. 
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Table 29. 
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a ee es ERE 


Environmental Aspect under 
Consideration 


Cause of Impact 


Construction 
Activity 


Raised Water 


Levels 


Winter 


Drawdown 


Comments 


Other Physical-Chemical 
Dissolved Oxygen Depletion 


Increased Color 
Release of Nutrients 
Increased Nutrient Retention 


pH Drops 


Bottom Organisms 


Rocky Littoral of Lake 
Vegetated Littoral of Lake 


Silt-Bottomed Areas of Lake 
Slow-Flowing Streams 
Tathina River (near Lake) 


Plankton 


Initial Flush 
Long-Term Increase 
Possibility of Blooms 


Increased Plankton Retention in Lake 


Fisheries (Lake) 
Walleye 


Spawning 
Food Chains 


Habitat 
Pike 


Spawning 
Food Chains 
Habitat 


White and Longnose Suckers 


Spawning 
Food Chains 
Habitat 


Lake and Round Whitefish 
Spawning 
Food Chains 
Habitat 
Cisco 
Spawning 


Food Chains 
Habitat 


PR PS 


Pd Ps PS 


mS PS OPS 


> > 


(Continued) 
Magnitude 
of Impact 

wo 

1) 

od 

cay 

v 
a n 
ve rs) 
nO S 
Ome 3) 
tv ue 
a q wo aa 
fe) o ao go 
3) am © a 
rf om 3) i 
ee easy a 
ez} dad @ ad 
a0 42 Be fo 
Fu Aa AH HWA HH 
L (0) L 
L (6) L 
% ? & 
” a ? 
L (0) L 
L ) L 
MS Oo MS 
P (6) P 
M ) M 
M (0) M 
xX P (0) 2 
xX # ? i 
xX M M M 
X Ki 2 2 
L L L 
? L 2 
L L L 
LM L L 
MS L M 
MS L M 
L 10) L 
M ) M 
L fe) L 
2 (0) 2 
M 0 M 
L ) L 
2 (0) ? 
X 1p O 12 
0) ) (6) 


Highly localized in 
shallows. 


Phosphates could increase 
could increase annual 
production but could 
hasten eutrophication. 
Highly localized in 
shallows. 


Production already low. 
Because of reduction in 
rooted aquatics. 

Because of increased 
plankton retention. 
Because of reduction of 
rooted aquatics. 
Production only moderate. 


Plankton may increase but 
eutrophication may be 
hastened; effect depends 


on whether lake is nutrient 
limited. 


Depends on silt load in 
spawning streams. 
Depends on impact on 
lake cisco 


Life cycle strongly 
dependent on aquatic 
vegetation. 


Difficult to predict; 
see main discussion. 


Difficult to predict; 
see main discussion. 
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Table 39. 
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Cause of Impact 


Environmental Aspect under 
Consideration 


Construction 
Activity 


Raised Water 


Levels 


Winter 


Comments 


Be ee ee ee eee ee ee 


Fisheries (Lake) - (Cont'd 


Sticklebacks 


Spawning 
Food Chains 
Habitat 


Other Forage Fish 


Spawning 
Food Chains 
Habitat 


Physical - Chemical (Downstream) 


Delay in Spring Warmup 
Temperature Fluctuation during 
Shutdowns 


Turbidity and Sedimentation 
(Short-Term) x 


Bottom Organisms kisa River 


Changes in Faunal Composition 


(Upstream of Dam) 
Changes in Productivity (Upstream 


of Dam) 


Changes in Faunal Composition 
(Downstream of Dam) xX 


Changes in Productivity 
(Downstream of Dam) 


Downstream Fisher Short-term 


Grayling 
Spawning Xx 


Food Chains xX 


Habitat x 


Walleye 


Spawning 
Food Chains 
Habitat 


PPS PS 


Pike 


Spawning 
Food Chains 
Habitat 


MP OM 


Longnose Suckers 


Spawning X 
Food Chain X 


Habitat Xx 


Pd PS 


oP OPS 


(Continued) 
Magnitude 
of Impact 
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xX LM (0) L 

xX MS (0) M 

xX MS L M 

L (0) L 

xX M fe) M 

xX L (0) L 

xX M M (0) 
X L L (0) 

S MS (6) 

2 2 ? 
xX 2 & f 
xX M M ) 
Xx M M (0) 
Xx i) MS L 
xX Ss MS L 
X Ss MS L 
xX MS MS L 
X M MS L 
xX MS MS L 
X MS MS L 
X M MS L 
xX MS MS L 
Xx MS L L 
X L L L 
xX IM L L 


Life cycle strongly 
dependent on aquatic 
vegetation. 


Aquatic vegetation con- 
tributes to productivity. 


Can be controlled by 
good plant management. 


May be lessened by 
special construction 
procedures. 


Major faunal shift 
Possible increase in 
production; possible 
insect swarms. 


Caused by slight environ- 
mental shift. 


Caused by greater reten- 
tion of organic material 
in lake and upper river 

system. 


Probably species most 
sensitive to siltation. 
Feeds on invertebrates 
affected by siltation. 
Generally avoids muddy 
rivers. 


Probably slightly more 
tolerant of silty con- 
ditions. Piscivorous 
and therefore only 
secondarily affected by 
short-term changes in 
bottom fauna. 


Can utilize invertebrates 
with high silt-tolerance. 
Adults probably transient 
to stream. 
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(Continued) 
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Environmental Aspect under 
Consideration 


Regulation 


Local Residents 


Comments 


Downstream Fishery (Short-term) 


(Cont'd) 
Lake Whitefish 


Spawning 
Food Chains 
Habitat 


Downstream Fisher Long-term 


Grayling 
Spawning 
Food Chains 
Habitat 


Walleye 


Spawning 
Food Chains 
Habitat 


Pike 


Spawning 
Food Chains 
Habitat 


Longnose Suckers 


Spawning 
Food Chains 
Habitat 


Lake Whitefish 


Spawning 
Food Chains 
Habitat 


Waterfowl 
Spring 
Dabbling Ducks 
Diving Ducks 
Geese 


Swans 
Shorebirds 


Summer 


Dabbling Ducks 
Diving Ducks 
Geese 

Swans 
Shorebirds 


Fall 


Dabbling Ducks 
Diving Ducks 
Geese 


Swans 


Shorebirds 


Pd mS PS 


mt bs bd PS PS Ps mM OM 


mS PS PS 


mM Ps Pd OS OS 


Table 39. 
Cause of Impact 
i] uu 
° 3) 
A v 
gps 
3.5 g 
HoH UM HO 
yp Ve Wad 
Hot NY HB B 
8) cel SS lw 6) 
00 80 AH 
Od MH BA & 
x 
X 
xX 
Xx 
Xx 
>. 
xX 
xX 
X 
xX 
Xx 
xX 
X 
xX 
Xx 
X 
Xx Xx 
X Xx 
Xx 
xX X 
X xX 
X xX 
xX X 
X xX 
X Xx 
X Xx 
xX 
xX Xx 


Magnitude 
of Impact 
n 
13) 
di 
Pe) 
(J) 
Bs 
ya 
yn Oo 
® -A 
ao Gee 
a fe] @) {eI 
3) i) fy ) 
om 3) 
Oo wy vy ov Ww 
Ono!) Olen 
da cy 
oa Gu A 
a @ Be & 
AH HG H 
S (0) s 
L 0 0) 
L 0 0 
LM LM (6) 
LM LM 0) 
IM LM (6) 
L L (6) 
M L O 
L L O 
L L (6) 
M L (6) 
L L 0) 
L (6) (0) 
M (0) 0 
L 0 (6) 
L (6) L 
0 (0) 0 
O (0) O 
5 MS 5 
M M L 
G L L 
L L L 
M M fe) 
) ) M 
MS M 1 
(6) (0) (6) 
(e) O (0) 
M M (6) 
LM L L 
L L i 
s S) MS 
LM M (0) 
(6) (6) (6) 


Spawns in river mouth 
but river probably not 
a major habitat. Heavily 
fished by local residents. 


In general it should be 
possible to maintain 
present species composi- 
tion if very careful 
consideration is given 
to proyiding continuous 
and adequate downstream 
flows. Productivity of 
fishery may be somewhat 
reduced. 


Approximately 500 ducks 
at any one time. 

Very few spring geese. 

Very few spring swans. 

Probable maximum 500 - 

1000. 


Estimated 300 nesting 
pairs, mostly in west 
No nesting population. 
No nesting population. 
Common 


end. 


Probable maximum less 
than 2,000. 

Maximum 100 sighted at 
one time. 

Maximum 200 sighted at 
one time. 

Not common in fall. 


Table 39. (Continued) 
Magnitude 
Cause of Impact of Impact 
2 
a 
vW 
s 0 
Environmental Aspects under d aoe a ead 
: . a Vw u 
Consideration 8 3 : ts sy S 3 
v a fe) 7 ao € o 
Up & g od (3) ou OW 
Mao 5 3 ee ere 
g2 $3 22 sd 28 8" 83 
aed sid 6 60 Om ad) ac 
00 dad 0 HH AD od & €& £0 
Sa aa =a ew aH Aaa HA 
Eagles and Ospreys 
Damage to Nesting Trees 2 ? (0) Effects difficult to 
Changes in Fish Distribution L 0) (0) predict. Approx. 5 prs. 
eagles and 3 prs. ospreys. 
Furbearers 
Beavers X X S S M 10 houses observed; 
carrying capacity likely 
less than 25 prs. 
Muskrats x X S M L Scattered small popula- 
tion estimated less than 
30 breeding pairs. 
Snowshoe Hares x S) Mien 
Lynx ».¢ MS M MS Areas affected optimal 
Red Squirrels x S M L habitat. Carrying 
Marten Xx M M M capacity unknown. 
Mink xX M M MS 
Big Game 
Moose xX xX xX i) S s Estimated population 
14; estimated carrying 
capacity 98. 
Bears xX IM M 0) Areas affected excellent 
Wolves X IM M 0 habitat; carrying capac— 
ity unknown. 
Aesthetic and Recreational Values 
Plant Communities xX xX X Xx Ss S S 40 miles shoreline, 
20 miles of riverbanks. 
Geomorphological Features xX Xx (0) S L Cascades above fall a 
major loss. 
Fish and Wildlife xX Xx xX x MS b) S 
Wilderness Value x X X X @) S S 
Improved Access to Lake xX O 2 2 
Improved Access to Tathlina R. Rapids xX O P P 
Human Ecolo Local Residents 
Ice Impeding Boat Use X 0) OMS Requires further 
} theoretical calculations. 
Damage to Commercial Fishery xX xX LM L M Slight damage has large 
dollar value. 
Damage to Hunting x x S i) S Area heavily hunted. 
Damage to Trapping xX X Sy S M Areas affected contribute 
less than 20% of total 
pelts taken. 
Debris Interference with Fishing 
and Navigation x 0) M M 
Loss of Enjoyment of Environment xX x X xX i) 
Disruption of Lifestyle Xx x Xx x S 
Improved Access to Lake X P P Also benefits visitors. 
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Figure 2. 


Environmental map of Kakisa Lake area. Soundings taken in 
mid-August, 1972, when water level was approximately 726 
feet above Mean Sea Level. Map shows network of 30 summer 
lake sampling stations which should not be confused with 
seven winter sampling stations shown in Figure l. Inflow- 
ing rivers were also sampled near mouths but stations are 
not shown on map. Station 3 was the most frequently sampled 
station. Only summer fishing locations used to calculate 
average "standard gang catch" are shown. Depths to silt 
bottom were measured in late September and early October 
when water level was approximately 725 feet above Mean Sea 
Level. 
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Figure 3. Minimum and maximum air temperatures and daytime lake 
temperatures. Air temperatures are six day averages. 
Water temperatures are point measurements or averages 
of point measurements normally taken in mid-afternoon. 
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Surface and bottom temperatures of Kakisa Lake. Water 
temperatures are point measurements or averages of point 
measurements normally taken in mid-afternoon. 
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Figure 5. Temperature profiles under ice, May mL Oy Dye 


Locations of stations are shown on Figure l. 


fl f — 
i ay) ' 
paaee ee head oy <tr ce 


a Gite 
ey 


DISSOLVED OXYGEN 


203 


Fe eee ES Oo © SURFACE 


® BOTTOM 


(ppm) 


Figure 6. Absolute dissolved oxygen levels (ppm). Late April 


value is beneath ice cover. Final October value is 
less than 48 hours before freeze-up. 
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Figure 8. 


Stomach contents of walleye. 
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Figure 8 (Continued) 
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Figure 9. 


Stomach contents of northern pike. 
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Figure 9 (Continued) 
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Figure 10. 


Stomach contents) of lakewemscoes. 
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Figure 1l. Stomach contents of lake whitefish (caught in lake). 
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Figure ll (Continued) Stomach contents of lake whitefish (caught in streams 
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Figure 12. Stomach contents of white suckers (caught in streams). 


MAYF Mayflies (Ephemeroptera) 

CADD Caddisflies (Trichoptera) 

STON Stoneflies (Plecoptera) 

CHIR Chironomids (Chironomidae) 

DEPT Other dipterans (Diptera) 

DRAG Dragonflies (Anizoptera) 

DAMS Damselflies (Zygoptera) 

WBUG Water bugs (Hemiptera) 

BEET Beetles (Coleoptera) 

TERR Terrestrial insects 

UNID Unidentified insects 

SCUD Scuds (Amphipoda) 

CLAD Cladocerans (Cladocera) 

MITE Mites (Hydracarina) 

SNAIL Snails (Gastropoda) 

CLAM Clams (Pelecypoda) 

FEGG Fish eggs 

N Nymphs 

L Larvae 

A Adults 

LG Large 

SM Small 

al No. of fish containing organism x 100 
Total No. of fish examined 

2 Total) wets Of Ltemein all stomachs X 100 


Total wt. Gt all todd tteme in, all stomachs 


MAYF 
MAYF 
CADD 
STON 
CHIR 
DIPT 
DRAG 
DAMS 
WBUG 
BEET 
TERR 
UNID 
SCUD 
SCUD 
CLAD 
MITE 
SNAI 
CLAM 


FEGG 


LA 


LG 


SM 


LG 


SM 


PERCENT 


Ohad ammmar3 
RAP OOS 


LIMAIHHH MIDs 


N 


| 

LVISI©Aianano» MM» ms 
SSS 

» 

»~ 

OH MIMI 


SS 


tate 

PSS 

JOM 

SS 
SBNOOMAMNAODM > 


HMO IMM Hor 


SS 


216 


1 JXNARAAAN 


2 he 


CLELLLEL LATE ee 


Figure iW, Gommech contents of PLIES ION 
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Figure 13. 


Weight-age relationships for walleye, pike, lake 
whitefish and white suckers. Source: unpublished 
data of Fisheries Research Board study of Kakisa 
Lake fishery (August 13-28, 1968). 
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Figure 14. Kakisa Lake water levels for period of record. 
Source: C. Andersen, Underwood McLellan and 
Associates Ltd. 
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Fieure 15. 


Frequency distributions of middle-of-the-month water 
levels (in one-foot intervals) for the period of record. 
Note that class sizes are not all equal because of the 
incompleteness of the record. Schemes A, B and C refer 
to the water level regimes indicated by Lines A, B and 
Geingricure 34. 
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Figure 16. Middle-of-the-month water levels from June 15 to September 15 
for the period of record. 
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Figure 17. Location map of cross-sections shown in Figure 18. 225 
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Figure 18. Typical cross-sections in the low-lying eastern and western 
ends of Kakisa Lake. See Figure 17 for locations 
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Water chemistry analysis 


Date 


Location 


Total alkalinity 


(mg/1) 


Phosphate (Ortho) 


(mg/1) 


Nitrate 
(mg/1) 


Conductivity 
(micromho) 


Dissolved 
Filtrable 


Solids (mg/1) 


Iron 
(mg/1) 


Color 


Turbidity 
G.1.0,) 


Hardness Ca 


Hardness Total 


(mg/1) 


Chloride 
(mg/1) 


Sulfate 
(mg/1) 
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APPENDIX II 


TEMPERATURE AND DISSOLVED OXYGEN REGIMES 


IN KAKISA LAKE, N.W.T. 


by 


W.A. Fuller and R.J. Lamoureux - 


ABSTRACT 


An environmental study of broad scope was undertaken on Kakisa 
Lake, N.W.T. It was found that the total water column responded very 
rapidly to physical factors in the environment. Dissolved oxygen levels 
remained near saturation throughout the year. Oxygen consumption by 
bacteria, bottom organisms and fish during the 8-month winter period 
appeared extremely low. 


Dissolved oxygen levels and temperatures were very uniform 
throughout the water column on most days. This was mostly attributed 
to physical characteristics of the lake which promote wind agitation of 
the entire water column. 


Phytoplankton was considered as possibly important in maintaining 
high oxygen levels in the lake. Decay of organic material was the principle 
reason put forward for several observed deviations from the normal super- 
saturated conditions in the lake. 


Winter temperature profiles indicated a simple temperature 
gradient of 0.8°C per meter from top to bottom. There was no evidence 
for the existence in winter of a large stable 4°C water mass. Strong 
temperature gradients were associated with rapid warming from cooler 
temperatures. These gradients were easily broken down by wind action. 


Water temperatures quickly followed ambient temperatures. Wind- 
mixing was postulated as a mechanism of heat transfer. High turbidity 
and long summer days were also likely causes for the rapid temperature 
changes with season and the high summer temperatures. 
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INTRODUCTION 


Early this year we were asked by Northern Canada Power Commission 
to undertake an environmental study of Kakisa Lake, NWT. This study was 
part of an overall feasibility study concerning possible future develop- 
ment of hydro-electric potential on the outlet river from Kakisa Lake. 


We would like to thank Mr. Lowe of N.C.P.C. for allowing us to 
present a paper at this seminar prior to the release of the final 
environmental report. 


DESCRIPTION AND LOCATION OF KAKISA LAKE 


Kakisa Lake (Fig. 1) interrupts the flow of the Kakisa River 
about 15 miles south of its discharge point in a broad part of the 
Mackenzie River known as Beaver Lake. It is a large, shallow lake, with 
a maximum length of 24 miles, a maximum width of 8 miles, a maximum 
depth of 20 feet, and an average depth of 12-14 feet. 


The lake is somewhat sausage-shaped and the shoreline is very 
regular. The long axis of the lake is oriented in a southeast-northwest 
direction, which will henceforth be called east-west to avoid confusion. 
The only major relief is provided by an escarpment which follows the 
south shore of the lake. The remainder of the terrain surrounding the 
lake is flat and poorly drained. Beach-ridges, 4 to 20 feet high, were 
found around most of the lake. However, the western end of the lake 
merges into a sedge bog, and there are no beach-ridges. Rooted aquatics 
are locally abundant, but are not found on more than 15 percent of the 
areal surface of the lake. There are six major inlet streams and one 
outlet stream. 


METHODS AND MATERIALS 


It was possible to carry out a four-season study in seven months, 
by commencing in mid-March (2 1/2 months before spring breakup) and 
finishing at freezeup in mid-October. The study was very broad in scope, 
since all aspects of the environment, both aquatic and terrestrial, 
required careful consideration. 


To avoid the complications of developing new techniques, only 
very basic, time-tested techniques were employed. Limnological and 
fisheries work was carried out with standard equipment, such as Ekman 
dredge, Wisconsin plankton net and nylon gillnets. Sonar was used to 
good advantage for sounding. Temperatures were taken with a Applied 
Research ET100 Telethermometer. Dissolved oxygen was determined by the 
Alsterberg (azide) modification of the Winkler method. A great deal of 
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general environmental data was gathered by direct observation, collection 
and air photo interpretation. 


Limnological information was gathered at stations distributed 
around the lake during four major sampling periods: pre-breakup, early 
summer, mid-summer and pre-freezeup. In addition, data was gathered at 
more frequent intervals at Station P (Fig. 1). 


Data presented in Figs. 2, 3, 4 and 6 are synthesized from data 
from widespread stations sampled infrequently as well as from station P 
which was sampled frequently. This is justified by the fact that data 
collected on a given day at widely separated locations were always quite 
homogeneous. 


RESULTS 


Dissolved Oxygen 


Dissolved oxygen measurements were made in two of the inlet 
streams and in the lake proper prior to spring breakup. At the locations 
tested, both streams were anaerobic, with H9S levels of from 3-5 ppm. 


Late winter dissolved oxygen levels in the lake proper, however, 
ranged from 11.0 to 14.2 ppm. Percent saturation ranged from 78 percent 
to 105 percent. 


Dissolved oxygen levels (Fig. 2) at various times of the year 
ranged from 14.2 under the ice to 8.1 in late July. Percent saturation 
(Fig. 3) ranged from 87 percent to 122 percent. It should be noted that 
maximum levels of dissolved oxygen expressed as ppm do not necessarily 
coincide with maximum levels expressed as percent saturation, since 
saturation levels are temperature dependent. 


Saturation levels were above 100 percent most of the year, except 
during a brief period just after breakup, during the latter part of July, 
and during the fall cooling-off period. 


Only on August 11 was there a significant difference in dissolved 
oxygen (1.1 ppm) between top and bottom of the water column. This was 
during a period of ambient temperature fluctuation, which caused an 
abnormally strong thermal gradient in the water column. At all other 
times, differences between top and bottom dissolved oxygen levels (in ppm) 
were well within the limits of error of the Winkler method. 


Temperatures 


Fig. 4 reveals that Kakisa Lake warmed up very rapidly in the 
spring, reached high (17°C - 19°C) and stable summer temperatures, and 
cooled off very quickly in the fall. Water temperatures followed ambient 
temperatures with very little lag. 
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Change from full ice cover to Summer conditions of 17°C took 
approximately three weeks. The summer period lasted about 2 1/2 months 
until September 1, Rapid cooling of the water then took place, so that 
the total water column was at maximum density at 4°C by September 26. 
After that date, it was theoretically possible for an ice sheet to form 
over night. Actual freezeup occurred on October 10,. This ice sheet 
was still intact when the project was abandoned October 14. Local 
residents told us that permanent ice sheets normally did not form until 
the end of the month. 


Stable temperature gradients occurred only during winter (Fig. 5). 
There is no Strong evidence for the existence of large stable masses of 
dense 4°C water. The only evidence for such a water mass occurred at 
Station 5, where temperature stabilized at 4°C from 3.5 m to the bottom 
at 4.3 m. In more typical cases, there is a steady gradient of about 
0.8°C per meter from top to botton. | 


Marked differences in temperature from top to bottom of the water 
column were principally associated with Spring breakup (Fig. 6). Even 
during this time, however, the strong thermal gradients that developed 
were frequently broken down as the temperature of the water increased. 
During the remainder of the ice-free period, temperatures were very 
uniform throughout the water column, except on August 11 when the 
temperature difference from top to bottom was 2.1°C. 


DISCUSSION 


The winter anaerobic conditions found in the two streams investi- 
gated appear to be the result of low gradient, low flow, high summer 
organic production and total winter ice cover. It appears that all inlet 
streams, excluding the Kakisa River are Similarly winter anaerobic, the 
properties on these other streams being even more conducive to anaerobic 
conditions. 


A large proportion of the temperature and dissolved oxygen 
phenomena reported for the lake proper could be attributed to five 
physical factors which dominate this particular environment. 


1. The lake is shallow for its SiWAa « 


2. High wind exposure results from the very low relief on three 
sides of the lake. 


3. The long axis of the lake is oriented in a nor thwest-southeast 
direction. Hence, the lake receives maximum exposure to the most frequently 
occurring winds. 


4. The large areal extent of the lake increases wind exposure 
and influences local weather patterns by causing onshore-offshore winds. 


5. Solar radiation is very intense and of long duration during the 
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long summer days. 


It appears that factors 1 to 4 result in very thorough agitation 
of the entire water column throughout the ice-free period. This is 
likely the principle cause of the very high and uniform dissolved oxygen 
levels throughout the water column. In addition, it appears that phyto- 
plankton could play an important role in keeping dissolved oxygen levels 
high. Because of the long summer days, the period of active photosyn- 
thesis is approximately three times longer than the period of night 
respiration at the time of the summer solstice. It is quite possible 
that the high degrees of supersaturation occurring in early and late 
summer could be due to plankton blooms. The mid-summer low could be 
due to a phytoplankton die-off. These speculations have not as yet 
been verified although a phytoplankton bloom was observed in mid-August. 


The sharp drop and slow rate of recovery of dissolved oxygen 
levels after mid-August is very likely due to very intense bacterial 
decomposition of dead plant material. Organic material is uniformly 
spread through the water column by wave action, resulting in probable 
high rates of decomposition and little organic buildup in the sediments. 


Freezeup occurred this year at approximately 95 percent oxygen 
saturation. It does not seem unreasonable that supersaturation would 
have been quite possible, had the lake frozen over three weeks later, 
as it did the previous year. Nevertheless, the high dissolved oxygen 
levels recorded in the late winter under the ice seem to indicate 
virtually zero consumption of oxygen by bacteria, bottom organisms and 
fish. It is possible that the temperature gradients as shown in Fig. 6 
are somewhat steeper in the very cold winter months resulting in water 
temperatures approaching O°C and very depressed metabolic rates. 


The five factors proposed as the causes of high and uniform 
dissolved oxygen levels also appear to have a major effect on tempera- 
ture regimes in the lake. 


Wind-mixing of the total water column appears to break down 
temperature gradients within a short period after their formation 
(Fig. 7). Strong temperature gradients are found only during periods 
of rapid warming from cooler temperatures, as happened in June and mid- 
August. Even these strong gradients are susceptible to wind action, 
as evidenced by the June data in Fig. 7. It would also appear that the 
rapid turnover of thermal gradients is a major contributing factor to 
the rapid rates of heat transfer observed to take place between the air 
and the water. 


An incidental effect of constant agitation of the water column 
is the high turbidity and resultant low albedo of the water. This 
could greatly assist the rate of increase of water temperature in the 
spring. By the same token, it should reduce the rate of cooling in 
the fall. 


Finally, we should not underestimate the effect of the long 
summer days in the north, causing rapid warming of the lake in spring 
and constant high temperatures during the summer. 
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In concluding, we should point out that the dominant character- 
istic of Kakisa Lake is the extremely rapid response of the total water 
column to physical factors in the environment. This results in high 
and uniform oxygen saturation levels throughout the year, high summer 
water temperatures, low winter water temperatures and very rapid changes 
in water temperatures with changes in season. Thus, the Kakisa Lake 
environment appears to be somewhat severe from the point of view of 
temperature but quite moderate from the point of view of dissolved 
oxygen. 


OPEN DISCUSSION WITH QUESTIONS AND COMMENTS FROM THE FLOOR 


Dean D. M. Ross, Chairman 


ES to Ge 


Chairman: Are there plans for development in this lake? 
R. Lamoureux: Yes, that was the premise for this study in the first place. 
D.M. Ross: Are they going ahead with anything? 


R. Lamoureux: Well, it's uncertain right now. These are basically data 
which we provided to help in making the decision. I really don't have 
any comment to make about that. 


J.R. Nursall: My question really follows on what Dr. Ross just said. 
This is a pre-impoundment study that you have done. It is known where 
the impoundment might be made, where an actual dam might be built, is 
it known what variation might follow in lake levels? 


R. Lamoureux: Yes, the idea is to put the impoundment and the storage 
for the power project on Kakisa Lake itself. The actual regulation 
point would be about 3 miles downstream at the outlet. Actually, this 
three-mile stretch of the river would be at the same level as the level 
of the lake. It appears at present that the fluctuations would not be 
particularly great, because of the topography of the region. 
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BEAVER 


TATHLINA LAKE 


Figure l. 


Kakisa Lake Study Area. Coordinates are given in 
top left hand corner. Station numbers indicate 
locations of winter sampling locations. ST P 
denotes location of most frequently sampled 
summer lake station. 
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Figure 2. Absolute dissolved oxygen levels (ppm) from 
late April to mid-October. Late April value 
is beneath ice cover. Final October value is 
just prior to freeze-up. 
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Figure 3. Percent saturation of dissolved oxygen 
from late April to mid-October. 
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Minimum and maximum air temperatures and daytime 
water temperatures from May to October. 

Maximums and minimums are six-day averages. 
Water temperatures are point measurements 

or averages of point measurement normally 

taken in the mid-afternoon. 
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Figure 5. Winter Temperature ProfilesyeMayedy (19/72. 
(Location of stations is shown on Fd Saeko) 
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Figure 6. Surface.and Bottom Temperatures, Kakisa Lake, 
: Temperatures are usually averages of several 
point measurements taken during biological 
sampling runs. 
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